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PREFACE. 



XHE arts of dyeing and calico-printing, having, at- 
tracted my particular attention so early as the year 
1769, 1 published a volume in 1794, under the title of 
Experimental Researches concerning the Philosophy 
of Permanent Colours, Sec, intending that it should 
have been followed by a second, as soon as my other 
avocations would allow me to prepare it for the press. 
But my progress in that work was unexpectedly re- 
tarded, until the year 1799, when a bill, which had 
passed the House of Commons for granting me a more 
adequate remuneration for some of my former discove- 
ries, having been bst in the House of Lords, (from 
causes mentioned in the second volume of this work, 
Part 11. Chap. 2,) it became my duty to withdraw my at- 
tention from the intended publication, (at least' for some 
time,) and employ it upon matters which seemed more 
likely to compensate the severe disappointment I had 
thus suffered. For this purpose I made two voyages, 
one to North, and the other to South America, in both 
of which my expectations were frustrated by ill health: 
and having then attained an age but little suited to a 
renewal of such undertakings, I resumed, and have for 
several years continued those pursuits which have ter« 
nunated in this work; aitd I did it with the^^greater ala- 
crity, upon finding, after the whole edition (of one 
tiiousand copies) of my former publication had been 
exhausted, that second-hand copies, when they could 
^ Vox. I; a 
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be procured, were currently sold, (though without anjr 
benefit to me,) for ^ times their original price.; 

It may be readily conceived, that the numerous che- 
mical discoveries produced during nineteen years, which 
have nearly elapsed since the publication of my former 
volume, must have given occadon for many additions 
and corrections; especially as, during )his interval, I 
have made several thousands of experiments relating 
to the subjects of it. For a considerable time, I hoped 
and expected that these additions and corrections might 
have been printed separately, to suit and improve that 
volume; but they have ultimately been found so nume- 
rous, and interspersed through so many of its pages, 
that nothing but confusion and useless expense could 
have resulted from such an endeavour to accommo^ 
date the possessors of it, and enable them to assort and 
connect it with the second volume of my present work; 
especially as an alteration in the arrangement of some 
parts of it bad become expedient. Their condition^ 
however, will only be such as is commonly produced* 
by the publication of a new and improved edition of 
any book. 

In arranging the subjects of this work, it would have 
appeared most natural, to treat separately of each co- 
lour, and of the means of producing it; byt as the same 
colouring matter, by changing the basis or chemical 
agents employed with it, will often produce very diffe- 
rent colours, this course of proceeding must have occa- 
sioned many repetitions, and a frequent recurrence to 
the same colouring matter. I have, therefore, made ano- 
ther arrangement, which will, I think, enable me to 
communicate my ideas intelligibly, with the fewest repe- 
titions, and without separating matters essentitilly coo^ 
nected to each other: and in doing this, I have endea- 
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voured to avoid minute descriptions of such manual 
and mechanical operations in dyeing and calico-print* 
ing, as are in common use, and not connected with the 
princ^les of the art, because the artists know these 
<^)erations already, and to mere speculative or philoso- 
phicd readers, a knowledge of them would be useless. 

I have, in the course of this work, commonly adopted 
the language, and, with a few exceptions, the principles 
or explanations of modem chemistry, not as being wholly 
unobjectionable, but as accordikg best with known 
ftcts, and being most likely to become parts of a more 
perfect system, when future discoveries shall have laid a 
sufficient foundation for the construction of one. I have 
not, however, been convinced of the expediency of 
adopting some of the opinions recently promulgated by 
Sir Humphrey Davy; though I hope and believe, that I 
am properly disposed to admire his extraordinary talents, 
and acknowledge the important additions made by him 
to chemical science. This is not the place to discuss, 
and, therefore, it would be improper to disputjc any of 
his facts; but I hope it may not be deemed improper for 
me to mention a few of the objections to which some of 
his conclusions seem liable. 

He supposes himself to have proved that the fixed 
alkalies (and several of the earths) 2Xt metals combined 
with oxygene, or, in other words, metallic oxides; and 
that when the oxygene has been separated by the power- 
ful agency of opposite electricities, from the bases of 
these alkalies, the latter are reduced, each to its proper 
metallic state, and though the supposed metalRc globules 
so produced, cannot be retained in this state for a single 
minute without burning, and again becoming potash and 
soda, and are besides much lighter than water, he has 
thought it right to consider and arrange them as metals^ 



IV Prefect. 

under the names of potassium. and sodium.^ He, (Sir 
H. Davy,) admits that '^ a considerable degree of speci- 
fic gmvity^ivas formerly considered as an €»ftf?ift'a/ charac- 
ter of metallic substances, but (he adds) I have d^overed 
bodies lighter even than water, which agree in all ather 
essential qualities with metals, and which wmequentbf 
must be arranged with them." See ^^ Elements of Che** 
mical Philosophy," p. 319. How it should follow th«t 
bodies which agree with metals in all but one essential 
character, *^ must^^ be arranged with them, I am unable 
to conceive: for to my understanding, an opposite infe- 
rence seems the most natural,, and, indeed, the only al- 
lowable one. But is it true that the bodies in question 
do really possess all the other characters which are deem- 
ed essential to the constitution of a metal? Is not tbi^ 
strong propensity of potassium and sodium to bum in- 
stantaneously in the air, and as instantaneously to de- 
compose water, without acquiring, in either case, the 
properties of metallic oxides, at variance with all former 
ideas of the nature and essential characters of a metal? 

ft 

Even the shining quality of these supposed metals, which 
more than any thing else seems to give them a metallic 
appearance, belongs equally to petroleum, when difiused 
upon the surface of water, and to indigo when dissolved 
for topicaLapplication by calico-printers, as is hereafter 
described.*^ir H. Davy has admitted (p. 321 of his Ele- 
ments) that ^^ the common metals, in consequence of 
their fusibility, malleability, hardness, and durability, 
have been the most important instruments of the arts;" 
and that ^^ the uses of them have been essential to the 
progress of civilization:" and, after ;^uch an admission, 

• Gay Lusac, and Thenardi have supposed these productions to 
be compounds of potash and soda with hydrogcnc, (or hydnires) 
and Curadau has thought them to be oompounds of charcoal, or 
charcoal and hydrogene, with potash and soda. 
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k may, I think, be reasonably asked, why they aice tobe 
oonfounded with matten which have pone of ^se cha^ 
ractersP 

Sordy, if it be expedient (which I da not pefeeive) to 
comprehend things so dbumilar, wnkr one common or 
general denominoHon^ it woukl be moch more convenient 
to im>ent a new name for that purpose, and alk)w us to 
desigpiate mattei^ of such high importance as the metab, 
properly s6 called, by that which has been so loilg ap- 
propriated to them. To confound, by one appellation^ 
substances so unlike each other, as those commonly 
called metals, earths, and salts, must be highly inconve«> 
nient foi* the ordinary purposes of life, as well as for the 
operations of human intellect; and it must be no small 
addition to the evils of Ais confounding, to have it ex« 
tended even to water^ and to diat fluid of which our 
atmosphere chiefly consists, nitrogene; both of which, as 
a consequence of these doctrines, are to be deemed me^ 
talBe oxides (i. e. of hydrogene.) It cannot, I think, be 
necessary for the advancement of science, that we should 
thus perplex our language and ideas, and subvert those 
distinctions which have long regulated the actions and 
opinions of mankind; and I have, therefore, abstained 
from these innovations in the following pages. There is, 
indeed, an additional reason for not considering in thb 
work the alkalies as metdUic oxides; which is, that their 
ifffhc^ m djfcing are as oppoeiie as possible to those of the 
oxides of metals, prqperly so called: and in regard to 
alumina, (or the earth of alum) which is supposed to 
contain a peculiar metal, called by Sir H. Davy ^mi^ 
numj I must declare that the evidence or probability of 
its existence^ a[^)ear8 to me much more feeble even than 
that which regards the supposed metals of the alkaline 
eartli^;'. which last^ in my judgment^ is fwc from being 



suflkicDt to warrant hb drrangement of them iti the 
eWss, and under the dt^nomination, of metals. 

It will be seen, also, that in the following pages I have 
not adopted the name o(cM6finej bf which Sir H« Davy 
would distinguish that substance, which Stheeh suppos- 
ed to be muriatic acid, freed from hydrogene; and which 
BerthoUet afterwards, with the general concurrence of 
modem chemists, declared to be muriatic acid, com* 
bined with oxygene; whence it was denominated oxyge- 
nated muriatic acid, and by abbremtion,. oxymuriatic 
acid. Whether Sir H. Davy be correct in adopting 
Scheele's view of the nature of the oxymuriatic, and the 
'muriatic acids, and in concluding, as he has done from 
his own experiments, that the former (chlorine) is a 
simple or elementary substance, and that the latter 
^ consists of hydrogene and chlorine in equal volumes;'' 
or whetlter the French cliemists, (in conceding to Davy, 
that no experiment has yet incontestably proved that 
oxymuriatic acid gas contains oxygene) are, notwith- 
standing, justified in concluding, that the theory which 
admits or supposes this to be the case, is more natural, 
and accords better with the whole system of chemical 
facts, than the opposite theory, is a question which 
seems to be yet attended with doubt and difficulty; and 
so long as, any doubt remains on this subject, I think it 
best to abstain from such changes of names, of which 
there have already been but too many; and even if a 
new name were expedient for the oyxmuriiltic acid, I 
should think that of chlorine, as a radicai, to have been 
ill chosen, because its indication of a green colour must 
be useless, by being applicable to so many other things, 
and because it is not suited, by different terminations, 
to signify those various combinations, of which this 
acid is a simple substance, must be susceptible; a de- 
fect, which seems to have induced the inventor to a^opt 
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the mimoByltatsk mm^ as a lerminatioo applicable to ks 
compoaods with diflfefent metals, and thus to create the 
terms of argentam for horned stiver, stannoircf for the 
liquor of Libavius, anttiBonoite for buttser of antimony, 
&IC*; appellations which do not afford the smallest indt* 
cation of the radical in qaestioni and which are com-^ 
pItAdy at varianoe with thait nomenclature which Sir 
H. Davy has emphij'ed for the other chemical agents* 
To me it seems, that if a new denominntion were M* 
qwed ibr the oxymurtatic acid gas, that of tnurigene^ 
suggested by M. Prieur, would be grei^y preferabl<3 
to chlorine; especially as it would harmonize completely 
with oxygene, hydrogene, nitrogene, and other parts of 
the chemical nomenclature; and by varying its termina- 
tions, it would indicate all the compounds formed with 
it; e. g. instead of argentane and stannane, it would 
produce muride of silver and muride of tin; and there 
would be no incongruity between this last and the 
muriate of tin, to which it would be convertible by an 
addition of water. 

The volanoes herewith offered to the public, are 
founded, as will be seen, upon the results of a multi- 
tude of experiments, made during the course of almost 
half a century; with no inconsiderable expenditure of 
money, and a much greater one of time and of mental 
exertion; for which I can never expect any adequate 
remuneration or benefit; and, therefore, I must hope 
that these my labours may eminently contribute to ad* 
vance, not only the practice but theory of the arts to 
which they relate, as well as other branches of science. 
I have written, indeed, with more extended views than 
those which relate merely to practical dyers, &C. and 
have, therefore, often introduced matters, not of high 
importance to the latter, though they could not have 
been properly omitted in. a work, which professes to 
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teach the jdiUoaophy df colours. Should it ever have 
been matter of reproach that no mgitud Work on this 
subject had appeared in the English language, the foun- 
dation of that reproach will be removed by this puhlica* 
tion, which I have endeavoured to render capable of 
affording both entertainment and instruction to persons 
who probably would not have been induced to read a 
more practical treatise on dyeing, Sec; and that the many 
important subjects contained in it may be rendered as 
ownkMe as possible, I have added a very copious gene* 
ral Index to the second volume. 
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EXPLANATION OF TERMS. 



At naay of tbote» lor whose benefit tbii woik U intended, may not liav^ 
been conversant with the new Chemical Nomenclature, I have thought it 
proper to insert the following explanations of some of the terms which wiU 
occur in the following psges: viz. 



Acetates 

Metatc qf Cftftfur 

Jcttate qflron 

Metic Acid 

jicetQUM Acid 

Adjectroe Coimtmf or Co* 
louring Mdtter9 

Aiummoy or Ahindne 

Asunottus 

Ammofuates 

Artetdateo 

Azote or Azotic Ga$ 

Caloric 
CarbojiatcM 

Carbonate qfUme 
Carbonate ofFotawh 

Carbonate qfSoda 
Carbohe, or Carbon 

Vol. I. 



Salts formed by the pure acetic acid 
with different bases. 

Copper in combination with acetic acid. 

Iron in union with acetic acid. 

Strong depblegmated acid of vinegar. 

Undcphlegmated acid of vinegar. 

Those which acquire their lustre and 
permanency by being adjected or ap- 
plied upon a suitable basis. 

The pure argillaceous earth of alum. 

Caustic volatile alkali. 

Combinations of ammonia with different 
bases. 

Salts formed by the acid of arsenic with 
different bases. 

The phlogisticated m of Priestley and 
othersv the basis of nitric acid, and 
therefore called nitrogene. 

The matter or cause of heat. 

Combinations of carbonic acid with dif- 
ferent bases. 

lime united to carbonic acid— Chalk. 

Fixed vegetable alkali united to carbo- 
nic acid. 

Mineral alkali united to carbonic acid. 

Pure charccud) or its basis. 

b 
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dtratCB 

Gtric Acid 
Fluatea 

Fluoric Jcid 
Ifydrogene Ga9 
Mvriatf 

JMuriaiic jfcid 



Explanation of Terms. 

Ozygene united Co carbonc) commonljr 
cidle4 fixed air. 

Salts fernied hj citric acid with diffe- 
rent bases. 

Tbe pure acid of lenkms. 

Salts formed by fluoric add with diffe- 
rent bases. 

That which is obtained from fluor spar. 

Inflammable air. 

Salts Ibrmed by muriatic add with dif- 
ferent bases. 

The acid of sea-salt, or common salt- 
Marine acid. 



Muriate tf Ammonia 
Mmate qf Sitver 
Muriate qfSoda 

Muriate qf Tin 
MUrio*Mtrate9 

MuriQ*9ulphatc9 

MuriO'Suiphate qflh^ 
MuriO'Tartritea 



Misrio^Tinrite qf 7S» 

Mtrate9 

Mtrate ofAiumine 
Mtraic qf Cofiper 
.Mtrate qf Iron 
Mtrate of Lead 
Mirate ^ Potash 
Mtrate qf SUver 



Murintic add united to ammonia. 

Muriatic add combined with silver. 

Mtniadc add united to sodt > - ■common 
or sea-salt. 

Muriatic add combined with tin. 

Salts formed by muriatic and nitric 
acids with different bases, the muria- 
tic being in the greater proportion. 

Salts formed by muriatic and sulphuric 
acids with different bases, the muria- 
tic being in the greater proportion. 

Tin dissolved by muriatic and sulphuric 
adds. 

Salts formed by muriatic and tartaric 
adds with the different basesy the 
muriatic being in the greater pro- 
portion. 

Tin dissolved by muriatic and tartaric 
adds* 

Salts formed by nitric acid with diffe- 
rent bases* 

Alumine combined with nitric acid. 

Copper united to nitric acid. 

Iron in union with nitric acid. 

Lead combined with nitric acid. 

Nitre, or saltpetre. 

Silver in union with nitric add. 



ExpknatiM ^ Term. 



M 



Mine Acid 

Mtrogene 
JitUrom Acid 

JVTtro*Muriat6€ 

Mtro-I^riaie of Quid 
Mtro^Muriare qf Tin 

Oxn§e9 (m^aOk) 

Oxygetu 

Oxymuriatic Acidj or 
Chlorine qf Davy 

Phoiphate% 

PkoafiAate of Tin 

Potass, or potash 
Prussie Acid 
Prussiate$ 

Pyndigneous Acid 

PyroUgfdtes 

Soda 



Substantive Colouring 
Muter 

Sulfihatesy or Su(fafcs 



Co l porkB i acid of nkre^ or aq)MfaHM« 
in which the baus U laturated with 
oxfgetie. 

The basis of the nitric acid. 

Red or smoking spirit of nitre, in which 
the nitrogene Is in exctu, w not fultf 
saturated with oxygene. 

Sahs fintned by nitric and nttrfatle 
acids with different bases, the nitric 
beiag in the gteatsr ps^partimi. 

A sdhidon of that metal by idcr^-miifia- 
tic add, formerly called aqua fegta. 

A soludon of that metal by nitric and 
AOfianiG acidsi called s/iiritj by scat- 

lletak ia tnion with eaqpgene» ftmnet - 
ly called calces. 

The haais of pure or rital airy or tiia 
aerial acidifying principle. 

The dephlogisticated marine (or nw- 
riatic) acid of Scheele, supposed by 
Berthollet to be muriatic acidcom« 
bined with oxygene. 

Salts formed by phosphoric acid with 
different bases. 

A combination of that metal with phos- 
phoric acid. 

Caustic vegetable alkali. 

The colouring matter of Prussian blue. 

Combinations of the Prussian colouring 
matter with difierent bases. 

The empyreumatic add obtauied by 
distillation from wood, &q. 

Combinations of the pyrc^i^eous acid 
with different bases. 

One of the fixed alkalies in a caustic 
state— the basis of common or sea- 
salt. 

That which requires ri bso on samoi^ 
dant to give it lustre and permanency. 

Salts formed by sulphuric, or sulfuric, 
acid with different bases. 
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Explanation of Terms. 

Sulfihate of AUaidne Common alum. 

Sulfthate ff Cofifier 



A combination of that metsj with sul- 
phuric acid— blue vitriol. 

A solution of indigo by sulphuric acid. 

A combination of that metal with xvovkf 
called green vitriol or copperas. 

A combination of zinc with sulphuric 
acid. 

Suifthure^ or Sulfl/iuret of A combination of that metal with sul« 



Sulfihate of Indigo 
Sulphate ^f Iron 

Sulfihate tflSnc 



Antimony 
jLunmn 

Tartfites 

TarirUe tf Alumina 

Tar trite qf Tin 



phur— -crude antimony. 

Vegetable matter by which skins are 
tanned or changed to leather. 

Combinations of tartaric acid with diffe- 
rent bases. 

Tartaric add united to the earth of 
alum. 

Tartaric acid in union with tin« 
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GOTcxumra tbx 



ORIGIN AND PROGBEgg 



or 



DTEING AND CALICO-PRINTING- 



The Great Author of Nature having allotted and cm- 
ployed colours, to distinguish and adorn the various 
productions of his power, wisdom, and goodness, has 
also endowed some animals, and particularly man, not 
only with perceptions of the differences of colours, but 
also of the beauty arising from them, and their various 
combinations: and, in consequence of these perceptions, 
mankind, even in the rudest states of human existence, 
have been disposed to admire and desire ornaments, de«> 
pending on gaudy and varied colours; which, in the 
atate of naked savages, they have generally applied to 
their skins, and afterwards to their garments, when 
they had approached so far towards civilization, as to 
manufacture and wear clothing.^ From these motives^ 

* A confirmation of this observation may be found in the 1st 
chapter of the 22d book of Pliny's Natural History, in these words: 
<< Equidem et formae gratia ritusque perpetui^ in corporibus suis 
aUquas exterarum gentium uti herbis quibusdam, adverto aniroum. 
lUlunt cert^ aliis alias faciem in populis barbarorum foeminas ma- 
reaque edam apud Dacos et Sarmatas corpora sua inscribunt. 
SimDe plantagini glastum in Gallia vocatur: quo Brittanorum con- 
juges nanisque toto corpore oblite; quibusdam in sacris et nudse 
incedunt, J&thiopum colorem imitantes/' 
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and the rude trials induced by them, even in retnote 
ages, the arts of dyeing and calico-printing undoubtedly 
wiginated. 

It will appear in the fdlowing chapters, thiit colour- 
ing matters are of two very distinct classes; one, which 
requires no basis, or metBatmg substance, to fix it upon 
other objects, and which I have, therefore, denominated 
substantive colouring matter; and the other, whose du- 
rability^ depends chiefly, if not exclusively, upon the 
interposition of some basis, and which, for that reason, 
I have called adfective colouring matter; and as dyes of 
the latter class, by being the most numerous, would 
naturally present themselves in the greatest abundance, 
and be applied without any means to render them per- 
manent, (because it would require numerous trials, and 
a concurrence of many fortunate accidents, to discover 
the use of any such basis) we may reasonably conclude, 
that most of the stains or colours first applied to wool, 
linen, or cotton, would have been fugitive. This, doubt- 
less, was true of those which the Gauls are said by 
Pliny to have dyed from herbs;t as it has been of thosie 

* This is not always completely true in regard to voo/, whicli i$ 
capable of atuvcting some few of the m^ative cokniriftg laatcers, 
particularly those of madder, gaUiiin» and cochiaeal, ao as thereby 
to acquire tints of some durability, uruututed by any bans; but the 
colours so obtained will be much less durable, and much more de- 
ficient in brightness, than they would have if dyed upon a suitable 
basis. But, in regard to linen or cotton* it may be observed, that 
they have no such attraction for adjective colouring matters, and 
are, therefore, incapable of being dyed by them, without the aid of 
abasia. 

t ** Transalpina Gallla herbU Tyrium atque conchylium tingit, 
omneisque alios colores: nee querit in profimdis murices, seseque 
objiciendo escam, dum praeripit,^ belluis marinis, intacta etiam 
ancoris scrutatur vada, ut inveniat per quod &cilius matrona adul- 
tero placeat, corrupter insidietor nuptse.** Lib. xjiu, c. 3. 

Hero* 
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whicby in later times, have been seen among the un* 
civilized inhabitants of recently discovered islands and 
countries: and we may, therefore, consider the disco- 
very of these bases, (denominated mordants by the 
French) and especially that of alum^ (which is of all 
others the most generally useful in fixing adjective co- 
louring matters,) as being a most important event in 
the history of dyeing; though it is now impossible to 
ascertain either the time or place at which this disco* 
very was made* 

Beckman, in the Gottmgen Memoires, and more re* 
oently in the first volume of his History of Inventions, 
has endeavoured to maintain, that the alum of the an- 
cients, was noty like that of the modems, a combination 
of sulphuric (or vitriolic) acid, with that white argilla- 
ceous earth, now called alumney^ (or alumina,) but a 
GomUnation of that acid with either iron or copper, or 
perhaps sine, and constituting those substances which 
were afterwards, and, until very lately, called green, 
blue, and white 7niriols;'\ and in suj^rt of this his 

■ 

HerodoCm, indeed, as sn extraorditiaty fitc^ meotioDS a people 
lifiog OD the borders of the Caspian sea, who, by bruising the 
lesTes of a particular tree, and mixing them with water, obtained 
a colour, by which they afterwards painted upon their garments 
the figures of animals, Sec; which figures water could not after- 
wards remove. Book CUo» c» c iii* 

* This is not ft complete description of alum^ wluch, in fact, is a 
srifiU salt, (as seems to have been first discovered by Margraaffj) 
bt the oomhinalion of sulphuric acid with alumine will not crys^ 
tallize» without an addition of either potash or ammonia. Accord- 
ing to Vauquelini 100 grains of alum consist of 30.53 gf acid, 10.50 
of alumine, 10.40 of potash, and 48.58 of water. 

t When the term of vitrioi was first used is not known. Beck* 
man could find it in no writer older than Albertus Magnus, whs 
says, (^Viride etlam quod a quibusdam viireo leum vocatur.'* 
Agricola and Vossius conjecture, that it was suggested by the 
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opinion, he alleges, that the Greek and Roman authors, 
particularly Dioscorides and Pliny, mention no other 
than native alum, as being then known; that alum crys- 
tallized like the modern, is but seldom produced spon- 
taneously; and that no mention can be found in any 
ancient writer, of the existence of any alum work, ex- 
cepting that in Spain, noticed by Pliny, and which had 
for its object the crystallization of a sulphate of either 
copper or iron. He alleges, moreover, that every thing 
stated by ancient writers concerning their alum, is ap- 
plicable to the metallic sulphates, since called vitriols* 
But this last allegation at. least, is not correct, as may 
be seen by recurring to Pliny's S5th book, chap. xv. 
intitled, ^^ De sulphure, aluminCy* et generibus corum, 
&c.'' in which he says, there are many kinds of alum: 
" Plura et ejus genera:" that of these, the island of Cy- 
prus affords two; one white^ and the other black; and 
that though tlieir colours do not differ so much, their 
uses are very opposite; the white alum being of the 
greatest utility for dyeing upon wool^ clear and lights or 
bright, colours; as, on the contrary, the black is, for 
dyeing brotvn and dark colours: ^^ in Cjrpro candidum et 
nigrum, exigua colons differentia, cum sit usus magruz; 
quoniam inficiendis claro colore lanis candidum -liqui- 

likeness of these crystallized sulphates to glass; to which, indeed, 
Pliny had long before compared them, in the 13th chapter of kis 
34th book; where, after having described the manner in whick 
the atramentum sutorium, (sulphate of iron,) was made to crystal- 
lize upon ropes suspended otrer water, which held iron in solution, 
ao that one end of each was immersed therein, he says, ^ Tntrftm" 
gue esse creditur." 

*Beckman supposes that, excepting Columella, Pliny is the 
oldest writer, in whose works the term alumen has been found, 
and that its derivation is unknown. He then asks, whether it may 
not have come from Egypt, with the bat sort of alum? 
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dum, que utilissi^um est, contraque fuscis aut obscuris 
nigrum." He ad^, that they were all obtained by na- 
tural exudations from the earth; in Spain, Egypt, Ar* 
menia, Macedonia, Pontus, and Africa; and in the 
islands of Sardinia, Melos, Lipara, and Strongyle; and 
that of all these the iest simply is that which comes 
from Egypt, and next to this, that of Melos. He after- 
wards proceeds to notice, separately, five several sorts, 
mentioning the Greek names of four of them, viz. phor- 
mion, paraphoron, schistos, (called also trichitis and 
chalcitis,) and strongyle. His last or fifth species was in 
great estimation, and called melinum, because it came 
from the island of Melos; and he finally observes, that 
the different kinds of alum were all possessed of an 
astringent property, which had obtained for them their 
common Greek appellation, (s-uTTTt^^i^.) 

That some of the several matters here mentioned by 
Pliny, under the general name of alum, consisted prin. 
cipally of iron, must be admitted: because, in addition 
to other reasons, he intimates that two of them pro- 
duced a black colour with galls, and the peels of the 
pomegranate; and there are grounds also for believing, 
that one of them was a sulphate of copper. But I can 
discover no sufficient reason in this, or in any other part 
of his work, for believing, that Pliny did not also, un- 
der the name of alum, include a sulphate of alumine^ 
not, perhaps, crystallized like our alum;^ but in such a 

* According to BerthoUet, there is a mine of ttlum at Solfatara', 
near Naples, which, in the form of a white earth, contains alum, 
formed by the action of the sulphureous acid disengaged bjr the 
heat of the volcano, upon the argillaceous matter evolTed by it. 
There, the alum requires only to be dissolved and crystallized. 
From a mine like this, or its earth, the good effects which Pliny 
asciibes to the white alum of Cyprus might be readily obtained. 
The famous alum mines of T0I&, near CiTita*Vechia> are still 

Vol. I. c 
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state of purity, especially in regard to iron, as would 
enable it to produce the clear and libelt/ colours for 
which Pliny states one of his alums to have been high- 
ly useful; and which the sulphates of iron and copper, 
would not have produced; nor that of zinc, (were it 
even certain that the ancients had ever employed it for 
dyeing,) unless, (which is not credible,) they possessed 
it in a state of much greater exemption from iron, than 
we find it even at this time. 

The single fact of their (I mean the Greeks and Ro- 
mans) having been able, long before Pliny wrote, to 
dye from the kermesy that beautiful red, or coccinean 
colour, which afterwards took the name of scarlet^ and 
obtained the highesj degree of estimation, is alone suf- 
ficient to prove that they must have possessed alum in 
some degree of purity at least, since it is known and 
admitted that for dyeing, they were wholly ignorant of 
the use of tin, the only other basis by which the colour 
in question could have been produced. Indeed, the 
kermes would have afforded nothing but a black dye 
with any preparation of iron; and nothing better than a 
dark brown with any preparation of copper. 

Beckman says, (vol. i. p. 292 of his History ''of In- 
ventions, translated by Johnston,) that " when our alum 
became known, it was considered as a species of the 
ancient; and as it was purer, and more proper to be 
used on most occasions, the name of alum was soon 
appropriated to it alone. The kinds of alum, however, 
known to the ancients, which were real vitriols, main- 
tained a preference in medicine, and for dyeing black. '^^ 
But much of this appears to me absolutely incredible, 

purer, according to the accounts of Monnet, Bergman, and Vau- 
quelin, bj each of whom they were analjrsed; but there the mineral 
requires torrefoction. 
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as persons who had been acquainted with the alum of 
the ancients, would not, when that of the .moderns was 
made known to them, have considered it as a species 
of the ancient, unless there had been some cause for 
doing so; and they never could have supposed that 
there was cause to consider our sulphate of alumine 
as a species of the ancient alum, if the latter had been 
so peculiarly deserving of estimation for dyeing black; 
or if, at least, one kind of it had not' been suited to dye 
the very different colours which the sulphate of alumine 
is alone able to produce. To the dyer, no two sub- 
stances couid have appeared so opposite or dissimilar, 
and there were, therefore, no two substances which he 
would be so little disposed to confound; and to con- 
found in a manner so extraordinary, as that of giving 
the old name of alum exclusively to. a supposed new 
and very different substance^ and inventing a new name 
(that of vitriol) for the metallic sulphates, which he 
(Beckman) supposes to have before exclusively borne 
the name of alum. There was then^ nothing in the 
name which could afford any motive for this change, if 
we suppose, with him, that it had for so many ages 
been appropriated exclusively to the sulphates of iron, 
copper and ^nc; and it would in that case have been 
much more natural and convenient, to have allowed the 
latter to retain the name by which they had been so 
long distinguished, and to have invented a new name 
for the supposed new production. The truth seems to 
be that, notwithstanding the ignorance of the barbarous 
ages, the inconvenience of calling substances, possessing 
the most opposite properties, by one common name, 
had been generally felt; and that to obviate this inconve- 
nience, the name vitriol^ as distinguishing the metallic 
sulphates, had been gradually adopted, and that of alum 
had been appropriated exclusively to the (perhaps im- 
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pure) sulphate of alumine; and that when this came to 
be introduced from Syria in a crystallized form, it ob- 
tained in Italy, (for reasons to be hereafter considered,) 
the additional appellation of roccaj or roccha, to distin- 
guish it from that which had before been in common 
use; and hence the French name of'alun de roche, and 
the English of rock, or roach alum. 

Were it ascertained that the Greeks and Bomans, at 
the times of Dioscorides and Pliny, were wholly unac- 
quainted with crystallized sulphate of alumine, even in 
that which Beckman calls the best sort^ brought from 
Egypt, I should think it highly probable, notwithstand- 
ing, that such alum existed) and was then employed, 
among the people of Hindostan and other parts of India; 
'where, (as will appear by facts stated between pages 
257 and 260 of this volume,) the arts of dyeing and 
calico printing had been practised more than two thou- 
sand years ago, exactly in the same manner, and with 
the very same means, (particularly crystallized alum 
^ and acetate of iron,) which were found to be in com- 
mon use among them, when the Portugueze first reach- 
ed that part of Asia, by sailing round the Cape of Good 
Hope; and without which, the art of calico printing 
could never have existed. It will also appear, that the 
Egyptians, before the time of Pliny, had practised this 
art of calico printing, and had borrowed therewith some 
productions necessary for the exercise of it, from Hin- 
dostan;^ and it may be presumed, that crystallized alum, 

* Among thesey (as is proved at p. 186, &c. of this volume,) was 
that most wonderful production, indigo^ which seems to have origi- 
nated among the Hindoos. The people of other countries had^ in- 
deed, found out ways to communicate substantive blue colours from 
different plants, and particularly from woad, or the isatis tinctoria, 
linnM but not to precipitate and collect the colouring matter in a 
dry solid form, like indigo, nu the people of Hindostan had not 
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which is even now sometimes imported from India to 
this country, (and which has been in use there during 
so many centuries, that no means exist for ascertaining 
when its use began,) would, from its indispensable ne- 
cessity, have been carried thence with other dyeing 
drugs to Eg) pt; and to me it certainly does not seem 
improbable, that this was that sort of Egyptian alum, 
which Pliny mentions as being in greater estimation 
than any other. Beckman, indeed, says, p. 291, ^^ It is 
well known that real alum is reckoned among the ex- 
ports of Egypt at present; but, (he adds,) I am ac- 
quainted with no author who mentions the place where 
it is found or made, or who has described the method 
of preparing it." Whether the Egyptians, after obtain- 
only effected, but they had afterwards done that which must have 
been more difficult; they had discovered the means of dissolving 
indigo when so prepared, in ways the most suitable for applying 
and fixing its colour permanently on the substances to be dyed with 
it; which the Greeks and Romans do not appear to have ever per- 
formed, though they knew how to powder indigo, and apply it as a 
paint. 

From the fifth volume of that extensive work, entitled, << Me*- 
moires concemants .rHistoire, les Sciences, les Aits, les Moeurs^ 
Sec. des* Chinois," it appears that wool was never worn in China 
but as a substitute for fur, and that cotton and silk, being the only 
substances ever dyed by the inhabitants, received all their colours 
from vegetable tingent matters; that these colours were principally 
red, blue, violet, and what is called a woad colour; and that, under 
the three first dynasties, the business of dyeing was chiefly prac- 
tised by the female part of each family, for its own particular use: 
and it, probably, continued to be practised without any thing like 
principle or science until near the end of the seventh century, 
when the Chinese, discarding their own, borrowed the arts and 
means of dyeing which were then in use among the Indians and 
Persians: and it is said, that alum and copperas, which the Chinese 
did not use before, were among the means so borrowed; e fact 
which renders it probable that there was little, if any thing, in the 
Chinese art of dyeing, of which the loss need now be regretted. 
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ing alum from India, had, by doing so, discovered thb 
means of preparing it in their own country; or whether 
they continued to obtain it from India, or were after- 
wards supplied with it by the inhabitants of any of the 
intermediate countries, who might have acquired this 
knowledge from the Hindoos, I know not; but it seems 
evident that Egyptian alum, however it may have been 
obtained, had been long and far famed, since Herodotus 
(in a passage which Beckman has quoted from his se- 
cond book, c. 180.) relates, that when the people of 
Delphos solicited a contribution for re- building their 
temple, which had been burnt, Amasis, king of Egypt, 
sent them a thousand talents of alum. 

Beckman supposes that crystallized sulphate of alu- 
mine, similar to our alum, was, undoubtedly, first made 
in the East; and that it was not known in Europe be- 
fore the end of the twelfth century; and if thisl^e true, 
it seemd probable that the knowledge of it, and of the 
methods of bringing it into a crystallized form, had 
gradually spread from Hindostan, through Persia, and 
the intermediate countries, to Syria, where it was made 
use of before the overthrow of the Greek empire; and 
whence it was confessedly brought to Italy in the four- 
teenth century.^ Beckman has given us extracts from 
the writings of three respectable historians, viz. John 
Jovianus Pontanus, Peter Bizaro, and Augustin Justi- 
nian, who all relate, that about the year 1460, Bartho- 
lomew Perdix, (by some called Pemix,) a Genoese 

* Beckman mentions alum works as existing near to Constanti- 
nople, in the fifteenth century; and also one of great celebrity in 
the neighbourhood of Smyrna; whence the Italians procured alum 
and other dyeing drugs. He also mentions an Italian treatise writ- 
ten by Francisco Balducci, about the middle of the fourteenth cen- 
.tury, by which it appears that the Italians were then acquainted 
with no other than Turkish alum. 
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merchant, who had become acquainted with the prepa- 
ration of alum in Syria, when returning thence to Italy, 
happened, at the island of iEnaria, now called Ischia, 
or Hiscla, to observe large alum atones among the sub- 
stances which had been thrown up, more than one hun- 
dred years before, in consequence of the eruption of a 
destructive volcano there; and that, having calcined 
some of these stones in a furnace, he extracted from 
them excellent alum. But these historians all assert, 
contrary to the supposition of Beckman, that he, (Per- 
dix,) in doing this, only revived and brought back to 
Italy an art which had, with many others, been lost 
amidst the darkness which, during several centuries, 
prevailed over the western empire; which art he had 
himself learned at the city of Rocca^ in Syria. Beckman 
says, he had at first supposed, that this city might have 
been Rocca, on the Euphrates; but he had afterwards 
thought it more likely to have been Edessa^ sometimes 
called Rocha, ^c, and also Roccha; and that, though 
the latter is considered as being in Mesopotamia, the 
supposed limits of Syria might, at that time, have ex-' 
tended thus far. From this city of Rocca, Beckman 
supposes, with Lisbnitz and others, that the best crys- 
tallized alum obtained in Italy the additional epithet of 
Rocca; while some persons, and among them Julius 
Cassar Scaliger,^ think it to have been derived from 
the Greek name of a rock, alum being obtained, by 
boiUng, from stones; and it seems to have been this 
opinion which caused the appellation to be translated 
into Latin, by the words alumen rupeum^ and into 
French by those of alum de Roche; and tliere are again 

* << Vulgo audis alumen rochiSy que Graeca vox maxirose Europae 
tervit parti ad rupem significandum." Exotic. Exercitat. Francf. 
1613. Svo.p. 325. 
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some, who imagine,, that this name was suggested, and 
occasioned more immediately, by the alum rocks of the 
&mous mines at Tol/a^ near Civita- Vechia, from which 
alum of the purest quality has been longer extract- 
ed than from any other mine now subsisting in Eu- 
rope; and these were discovered by John de Castro, a 
few years after Perdix had begun to produce alum 
from the stones which he found at Ischia. Of this 
memorable discovery, which happened during the pon- 
tificate of Pius the Second, that pope has given a cir- 
cumstantial account; for which see '^ Pii Secundi Com- 
ment, rerum memorab. quae temp, suis contingerunt,^ 
8cc. Francofurti, 1614, fol. p. 185.* 

* Beckman has extracted this account, of which the ibUowing 
are the principal parts, viz. 

This John de Castro, « being fond of travelling, had resided some 
time at Constantinople, and acquired much wealth by dyeing cloth 
made in Italy, which was transported thither, and committed to 
his care, on account of the abundance of alum in that neighbour* 
hood. Having by these means an opportunity of seeing daily the 
manner in which alum was made, and from what stones, or earth, 
it was extracted, he soon learned the art. When, by the will of 
God, that city was taken and plundered, about the year 1455, by 
Mahomet II., Emperor of the Turks, he lost his whole property; 
but, happy to have escaped the sword of these cruel people, he re- 
turned to Italy, after the assumption of Pius II., to whom he was 
related, and from whom he obtained, as an indemnification for his 
losses, the oliice of commissary-general over all the revenues of 
the Apostolic Chamber, both within and without the city. While 
in this situation, he was traversing all the hills and mountains^ 
searching the bowels of the earth; he at length found some alum 
stones in the neighbourhood of Tol/a; and having made experi- 
ments by calcining them, he obtained alum: and repairing to the 
Pontiff, said to him, << I announce to you a victory over the Turk«. 
He draws yearly from the Christians above three hundred thou- 
sand pieces of gold, paid to him for the alum with which we dye 
wool of different colours, because none is found here, but a little at 
the island of Hiscla, formerly called Jlnaria, near Puteoli, and in 
the cave of Vulcan at Lipari, which having been exhausted by the 
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The wealth which the pope obtauied from the disco* 
very and working of the mines at Tolfa, encouraged 
and produced similar ' undertakings in other parts of 

Romaosv is now almost destitute of that substance. I have, how- 
ever, found seven hills, so abundant in it, that they would be 
almost sufficient to supply seven worlds. If you will send for 
workmen sufficient, and cause furnaces to be constructed, and the 
stones to be calcined, you may- furnish alum to all Europe; and 
that gain which the Turks used to acquire by this article^ being 
thrown into your hands, will be to him a double loss, &c/ These 
words of Castro appeared to the pontiff as the mere result of idle 
dreams. He, however, employed skilful people, who found that the 
stones really contained alum; but least some deception might hav^ 
been practised, others were sent to the place where they had been 
found, who met with abundance of the like kind. Artists, who 
had been employed in the Turkish mines in Asia, were then 
brought from Genoa; and these, having closely examined the na* 
ture of the place, declared it to be similar to that of the Asiatic 
mountains which produce alum; and, shedding tears for joy, they 
kneeled down three times, worshipping God, and praising his kind- 
ness in conferring so valuable a gift on our age. The stones were 
<:aldned, and produced alum more beautiful than that of Adoy and 
superior in quality J^ Some of it was sent to Venice and to Flo- 
rence; and being tried, was found to answer beyond expectation. 
The Genoese first purchased a quantity of it, to the amount of 
twenty thousand pieces of gold; and Cosmo, of Medicis, for this 
article, laid out afterwards seventy-five thousand. On account of 
this service, Pius thought Castro worthy of the highest honoursi 
and of a statue, which was erected to him in his own country, with 
this inscription: — ^ To John di Castro, the inventor of alum;' and 
he received, besides, a certain share of the profit; immunities and 
a share also of the gain, were granted to the two brothers, lords of 
Tolfa, in whose land the aluminous mineral had been found. Thia 
accession of wealth to the church of Rome was made, by the divine 



• This alum continues to be known under the name of Baman alum, and 
esteemed above all others} principally because it contains but about half as 
much iron aa most other alums: the latter, however, may be rendered equal, 
ly pure and valuable, by calcining, then diaaoUing, and afterward* re-crystal. 
Using them. Stahl, Newman, Pott, and other eminent chemists, considered 
alwmine as a calcareous earth, and not as being an earth, which it i#, ttugt- 
neria^ nearly related to day, but difiering from it. 

VoL.L d 



Italy, particularly at VoUerr^, ia the diatrict of Pisa, 
though their success was greatly obstructed by the ab- 
stacks which the pope contrive4 and employe^ agaiuat 
them, in order that he might monopolize all the benefits 
to be derived from the msmufacture and sale of alum; of 
which he raised the price so exorbttandy, that alum pro- 
cured from the Turks was found much cheaper than 
that of Tolfa, and, therefore, employed. But to obviate 
this interference, the pope pretended to dei'ote the re* 
venue produced by his alum works to the defence of 
Christianity against the Turks, and menaced all, who 
should act so unchristianly, as to purchase, or procure, 
alum from these infidels, with excommunication; which 
prohibitions were renewed by several of his successors. 

It appears from Biringocci's Pyrotechn. p. 31, that 
the first alum work established out of Italy, subsequent- 
ly to the discovery of those of Tolfa, was that of Alma- 
caron, near Carthagena, in Spain; whence, as is stated in 
Guicardini's description of the Netherlands, large quan- 
tities of alum were brought to Antwerp, in the early 
part of the sixteenth century. 

In England the first alum work was that of Gisbp- 
rough, in Yorkshire, begun near the end of Queen Eli- 
zabeth's reign, upon lands belonging to Sir Thomas 
Chaloner, who secretly procured workmen from the 
alum works at Tolfa, no person in England then know- 
ing how to produce it. This seduction of his workmen 
so enraged the pope, as we are told by Pennant, in his 
Tour to Scotland, that his holiness endeavoured to 
frighten and recall them by curses, or anathemas, in 
the very^form left us btf'Emulphus. 

blessing, under the pontificate of Pius II.; and if it escape, as it 
ought, the hands of tyrants, and be prudently managed, it may in- 
crease; and afford no small assistance to the Roman pontiffs, in 
supporting the burthens of the Christian religion.'* 



The iiiAiiMb ftod important cottO/tiStm 6f the histdty 
or alum wifh that of djrekig, has Myced me to staM 
titese factfr, wiifeh I have ehiefly derived fVom Beck* 
msLtk^B ii^t volfMie? though I have not thought it right 
f^ adopt some of his cofichisiona on it/k subject. 

T^ discover bf fefrospedioii an the ways and meantf 
\lff whieh an art like that of dyeing has been improved 
frMi its earliest and most simple beginnings, m differ^ 
ent parts of the woiidi mu^ now be impossible; because, 
among some nalioris, it, undoubtedly, would have been 
considerably adraaced, by fortunate accidents and in- 
9&fictive observations, long before ti»y had learned to 
Wf ife bistories and record facts^ and, indeed^ almost all 
the progress which had been made in dyeing, until with* 
in a few years, must have resulted from such causes; 
;, as it does, for its principles upon chemistry, 
was by much too defective to aibrd any conside* 
mUe assistance, either to praetioal dyers, or speculative 
men, who might have wished to study and improve the 
art; and, therefore, it happened, as might have been ex- 
pected,, that the practice of dyeing had, by die fortui* 
tous discoveries of great numbers of individuals em* 
ployed in it, been carried so far before the the&ry^ that 
the latter was as little capable of eocplainingy as it had 
been q( suggesting^ the most beneficial effects produced 
by k; and this, probably, was at least one reason why 
dyeing was so n\uch neglected among the philosophers 
of Greece and Rome, though they highly esteemed the 
arts of painting, sculpture, &c. 

Notwithstanding the great importance of alum in dye- 
ing, it is not probable that mankind, with their natural 
disposition to admire gaudy colours, and seek personal 
dbtinctions, should have delayed the application even 
of adjective dyeing matters, to their clothing, until they 
had become acquainted with alum and its effects, in 
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raising and fixing the colours afforded by these mat* 
ters. Such an acquaintspce would not, in the ordinarjr^ 
course of events, be acquired, uatil some progress had 
been made in civilization;* and there are many fects to. 
prove that, in much ruder states of society, men have 
attempted to dye their clothing; f and as these attempts 
would have proved more successful upon wool than 
upon linen, or cotton, by reason of the greater affinity 
of the former to some adjective colouring matters, (as 
lately noticed,) we may conclude, that in climates which 
required clothes of wool, the dyeing of these would have 
been practised much earlier than that of linen or cot- 
ton*! And, accordingly, Pliny mentions dyed linen ja^s 

* Clavigero, in his history of Mexico, pretends that the Mexi- 
cans used the earth of alum to produce certain colours: that, after 
grinding and dissolving the aluminous earth, which they called 
tMrocotl^ they boiled it in earthen vessels, and then, by distillation, 
extracted the alum pure, white and transparent; and that, before 
they hardened it entirely, they divided it in pieces to sell in the 
market. To a chemical reader this will sufficiently discover the 
ignorance of the historian in regard to the effect of distillation, &c. 
IVhat foundation this account may have had in other respects t 
know not. 

t Of the nature of these attempts, and the value of some at lea^ 
of the colours produced by them, we may judge, by the mention 
which Pliny has made of a purple dyed for the clothing of inferior 
people among the Gauls* from *^ vaccinia;" by which either the 
ripe privet, or the whonle berries, are supposed to have been 
meant. See lib. xvi. c. 18. He also mentions violet* as being, used 
to produce a purple. 

\ Uncivilized nations appear, in some instances at least, to have 
feund means to increase this affinity^ particularly by the use of ve- 
getable acids. The savage tribes of North America, had long been 
accustomed to dye certain animal substances, such as hair, feathei*8, 
and porcupine quills, of bright red and yellow colours, whilst they 
were wholly unacquainted with the use of alum; and hVving been 
informed, that the red, so dyed, was produced from the galium 
tinctoruni, and the acid berries of the scarlet sumach, lately men- 
tioned, I made trial of them upon broadcloth vnthout alum^ and 
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htLvrnf^ been seen for the firtt time, in the fleet with 
which Alexander the Great had navigated the river In- 
dus^ when his captains, in skirmishing with the Indians 
upon its banks, to their astonishment suddenly changed 
the ensigns of their vessels, and displayed flags of va- 
rious colours wavering in the wind.^ It must, however, 
be confessed that, according to Pliny's account, the dye- 
ing even of wooUen clothes had, at that time, made but 
little progress, at least in regard to the finer colours; 
for, in the eighth chapter of his twenty-first book, after 
declaiming against the luxury of his cotemporaries, in 

produced a red colour, inclining' to the orange, of considerable 
brij^htnestt, which, being exposed with a red less inclining to the 
orange, which I had dyed also from the roots of galium linctonim 
only, but upon broadcloth, prepared as usual with alum and tartar, 
I found, at the end of two months, that, though the latter had suf- 
fered least, the other with sumach berries was much better and 
more lasting than I had supposed it possible to produce without 
some basis. I have since been informed, that the acid juice of the 
crab apple is sometimes employed by the tribes in North America 
for the same purpose; and that professor Woodhouse, of Philadel- 
phia, supposes himself to have discovered alumine in the very aceib 
fruit of the diospyros virginiana, or persimmon tree, which, if this 
supposition be well founded, may be expected to produce still bet- 
ter effects as a mordant for dyeing, than either of the acids before 
mentioned; unless the latter, as some have supposed, should also 
contain alum. Indeed, Lioureiro (lom. i. p. 315.) has described a 
tree, under the name of decadia aluminoM, of which he says the 
bark, and more especially the dried leaves, are in great use among 
the dyers of Cochinchina, to exalt and ^-c their colours. « Magni 
usus sunt infectoribus indigenis in tingendis lelis quarum colores 
decocto illorum nitid6 exaltantur et firmantur** This statement, 
joined to the specific name of aiutninotu^ appears to indicate that 
the bark and leaves of this tree either contain alumine^ or are 
thought capable of answering the purposes of alum as a mordant. 
* ^^ Tentatum est tingi Unum^ quoque et vestium insaniam acci- 
pere, in Alexandri Magni primum classibus, Indo amne nayigantis, 
cuii ou^esejuset prefecti certamine quodam variassent insignia 
navium: stupueruntque Uttora, flatu versi coloria implente.'' 



wearing clodies dyed of odours whidi mnvbMd diMCi 
of the finest natural flowers^ be observes^ tbat nolle off 
these flowery colours (*' flores") were in use daring the 
life of Alexander die Gveat; though, sajs he, nobodjr 
doubts of their having been borrowed by the Romam 
from the Greeks; for how elae^ he asks^ should the 
names which they still ret«n in Italy, have been att 
Grecian, ^* a Grascis tamen repcrtos quia dnbiset; non 
aliter ItaKa usurpance nomiaa fllorom?" 

FrobaUy^ the companions of Akaander^ when he m^ 
Taded Persia and India, became acquainted with the ricb 
dyes of those countries; and afterwards made some, at 
least, of them known to the Greeks, among whom, asf 
well as amcMig the Romans, the wearing of undyed 
clothes^ (which Pliny has denominated *^ panni , natwi 
eohriSf^^) had been innnemorialiy practised by the great 
mass of people.* We are not, however, to understand 
that dyed clothes were not in much higher estimation 
than the undyed, as soon as they were made known,, 
for this, undoubtedly, was the fact; but they were too 
costly to be used by any but the rich* and greats or for 
the service of rcKgion, or upon extraordinary occasions. 
See Exodus, chapters 26, 28,. 38, and 39. See also Plu- 
tarch, de Iside and Osiride, c. 78, where he tells us^ 
that the robes or sacred vestments of /nr, were of va- 
rums colours; but those g( Osiris were of one bright co*- 
lour. Juno, Venus, and Proserpine, were by the ancient 
poets commonly represented as being robed in purple; 
and we are told, in the 37th chapter of Genesis, that 
Jacob '^ loved Joseph more than all his children, be* 
cause he was the son of his old age; and he made him' 

* As these nndyed clothes often wanted cleaning, tfaM operation 
gave employment to a description of people called fMone*^ wiio 
were properly 9cmiTer9\ tBongh the clothes w<mld naturally ber 
thickened or fuiUdy in some degree, whilst k^ their hrhds^ 



%Mtt ^edJpurs/^* a distincikm wbkk caused Joseph to 
be bitted by hh brothers; and afterwaida to be soM by 
^lamt a«i earried into Egypt. 

Of the wbetantive edoisra koown m Greece, and at 
Rome, two (highly deserving of our notice) were the 
i^elebratied puiyle obtained from the mures and bucci- 
Aum, a«d the blue procured from indigoieroQs plantSi 
paitlculaHy the woad, (glastum or isatis tinctoria): of 
these, and of their connection With the history of dye- 
ing, most ampk and interesting accounts will be found, 
Ml the 4di and Sdi chapters of the first part of this work. 
AnfOher plant, by the Romans called Jitcus, and which 
appears to have been no other than that species of lichen 
which is now called archaU^ was in such general use 
among the latter, for dyeing a beautiful, though not du- 
rable purple, that the name of fucus, came at length to 
be crflen used as signifying generally a dye. Of this also 
a softcient account will be found at page 216 of this 
volume. 

In regard to the adjective colouring matters for which 
alum or alfiminotts earths and other mordants were em- 
ployed by the anpients, I must observe, that it seems 
difficult to give a complete account of them: though we 
have reason to conclude, that the kermes (or coccus illi- 
cis) and madder (rubia) were by much the most impor- 
tant: of these also, and of their connection with the 
history of dyeing, sufficient accounts will be found in 
their proper places. To these may be added the roots 
of anchusa tinctoria, or alkanet, the genista tinctoria, or 
dyer's broom, (mentioned by Pliny, xvi. c. 18.) gall- 
nuts, pomegranate peels, alder bark, the rinds of wal- 
nuts, the bark of the walnut tree, and the pods of the 
Egyptian acacia; but of the particular methods in which 
these were employed, or of the basis or mordants used 
with them, no information worthy of being here particu- 
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larly noticed has been transmitted to us, either by Gredc 
or Latin writers. And, indeed, almost all the knowledge 
which the Greeks and Romans had obtained from others, 
or acquired by their own industry, on this subject, ap- 
pears to have been lost about the fifth century, when, 
as M. BerthoUet has observed, scarce any traces of sci- 
ence or humanity were left in the western empire. A 
few sparks of the former did, indeed, remain in Italy, 
where they were in some degree rekindled, by occa- 
sional accessions of knowledge, and of Greek artists 
obtained from the east, in consequence of the crusades; 
and also, from the various importations made by the 
Venetians, of oriental productions and manufactures; 
which, by affording new materials, and new objects of 
imitation, assisted in exciting and directing that indus- 
try which had so long been dormant in the west of 
Europe. 

Italy may, therefore, be considered as the cradie in 
which a feeble remnant of the knowledge of dyeing, as 
exercised by the Greeks and Romans, was nourished 
and invigorated, so as, with the new dyeing drugs since 
obtained from India and America, (which will be here- 
after noticed,) and with the various subsequent acquisi- 
tions of chemical and other knowledge, to have attained 
a state of improvement, greatly exceeding all former 
expectation. 

From Italy some knowledge of dyeing, limited as it 
was, spread itself gradually to France, Spain, and Flan- 
ders, whence king Edward the Third, of England, pro- 
cured dyers; and in 1472, a company of these artists 
was incorporated in London. 

The Germans, as Bischoff informs us, were slow in 
acquiring and practising the art of dyeing; excepting 
only that of black, which was their dress or gala colour; 



Introduction. xxxiii 

and excepting brawns^ which were genoidly wore by 
the monks, and the common people. 

In France a division was established at a very early 
period, between the dyers of lasting colours, who .were 
denominated '' teinturiers en bon teinty^^ and the dyers 
of fugitive colours, or those " en petit teint;" and the 
former were prohibited from using, or having in their 
possession, the dyeing drugs employed by the latter. A 
similar distinction was also established in Italy, as Bis- 
choff states, on the authority of a French ordinance of 
November 17, 1383. 

The first Italian account of the processes used in dye- 
ing, as Bischoff, and after him BerthoUet, have inform- 
ed us, was published at Venice in 1429, under the title 
of " Mariegoh delP Arte dei Tentoriy'* of which a se- 
cond edition appeared in 1510. But the imperfections 
of this work, induced John Ventura Kosetta, overseer 
of the arsenal at Venice, to undertake a work less de- 
fective; and the better to execute his undertaking, he 
travelled over different parts of Italy, and some other 
countries, to acquire information; from which he com- 
posed, and in 1548 published, under the assumed nam;; 
of Plicthoy a collection of descriptions of the operations 
of dyeing, ,as then practised, which Bischoff considers 
as the foundation and principal cause of many subse- 
quent improvements in this art:^ though Hellot has 
mentioned it as deserving but little notice. 

• The title of this work \jras " Plictho deir Arte de tentori che 
insegna tenger panni, tele, banbasi, e sede si per I'arte magiore, 
come per la commune. Vinezia, 1448, 4to/' Or Plictho's Art of 
Djeing, which teaches iiow to dye cloth, linen, cotton and silk, of 
durable, as well as. false, or ordinary colours, &c« 

fierthollet has remarked, that there is no mention in this work, 
of either cochineal or indigo; whence he infers, that neither of 
these important drugs had then been employed for dyeing in Italy; 
an inference which, though probably just, seems extraordinary, con* 

Vol. I. e 
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Of the important changes, and rapid advanoemeat, 
which were produced in dyeing after, and by the dis- 
covery of new and valuable colouring matters, and also 
of new bases or mordante, (particularly that of tin,) suf- 
ficient accounts are given in the course of this work, 
and to these I must refier, to avoid improper repetitions. 

The first orxarliest book, which I have beoi abk to 
discover in the English language, relating in any consi- 
derable degree to the art of dyeing, is a thin ai^ small 
quarto volume, (now before me,) in black letter, intitled 
** A Profitable Booke, declaring divers approved reme- 
dies to take out spots and stains, in silkes, velvets, lin- 
nen and woollen clothes; with divers colours how to £e 
velvets, and silkes, linnen, and woollen, fustian, and 
thread: also to dress leather and to colour feUes." — 
^* Taken out of Dutch, and Englished by L. M. Im- 
printed at London, by Thomas Purfoot, dwdling willK 
in the New Rents in S. NichokM Shambles, 1605." 

The instructions contained in this last vdume, relate 
principally to the use of indigo, (which is caUed fiora 
or floray,) woad, madder, (particularly the crapy) Bra- 
sil wood, weld, safflower, gall*nuts and alder bark; once 
or twice kermes and lac are mentioned; but not cochi- 
neal. These instructions seem to be founded chiefly 
upon the practices of the dyers in Flanders, where Ac 
art at that time was making considerable progress; but 
as black was the colour in most general use, the re- 
ceipts, if I may so call them, for producing it, are in 
number equal to almost all the others. After this, no- 
thing seems to have been done in this country to in- 
form or assist practical dyers, until the year 1663, when 
the Royal Society, then recently formed, at dieir meet- 

aidering the &ct8 which will be foimd in the <fth chapter of the 
first part, and the third chapter of the second part of this woiic. 
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ing on the SOth of April, de«ired Mr. Haak to translate 
ioto the English language the work which, more than 
half a century before, had been published in Italy, un- 
der the name of Plictho, (though this has never been 
done;) and, on the same day, Sir William Petty, one of 
its earliest and inost active members, in consequence of 
a previous request from the Society, brought in '^ An 
Af^iaratus to the History of the Common Praetices of 
Dyeing," which was afterwards printed in l>r. Spratt*s 
History of the Royal Society, and seems to have been 
the first original^ though summary account publbhed in 
die English language, of tlie means and operations used 
by dyers. 

Nearly two years afterwards, viz. March SO, 1664| 
the Hon. Robert Boyle presented to the Royal Society 
lus ** Experiments and considerations, touching Co- 
lours;" and, on the 10th of August fdlowing, it was 
ordered by the society, ^^ that the way oV fixing eohun 
should be recommended to Mr. Howard, Mr. Boyk, 
and Dr. Merritt.'' These, and especially the two first, 
were among the most distinguished members (rf* the so- 
ciety; but it does not appear that they were able to do 
any thing deserving of notice, in consequence of this 
recoramendation. However, at a meeting of the society 
on the 11th of November, 1669, that very ingenious, 
active, and useful member, *^ Mr. Hooke, produced a 
piece ot calico, stained after the way contrived by him* 
sdf, which he was desired to prosecute in other colours, 
besides those that appeared in this piece." (Birch's His« 
tory of the Royal Society, vol. ii. p. 401.) And, accor- 
dii^y, on the 9tb of the following month, *^ Mr. Hooke 
producedianodier specimen of stabling with yellow, red, 
green, Uue, and purple colours, which, he said, would 
endure washing with warm water and soap«" But Groui 
this time it does not appear that any thing considerable 
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was done, for nearly the space of a century, by men of 
science in this kingdom, towards improving the arts of 
dyeing and calico piinting; they being, probably, dis- 
couraged by the difficulties which, from the very imper- 
fect slate of chemical knowledge, must have occurred, 
in every attempt to improve upon what the dyers were 
able to perform, without any principle or theory. 

In France, however, that great minister, Colbert, 
anxious to extend the commerce and manufactures of 
his country, turned his attention particularly to the art 
of dyeing, with a view to amend, as well as to obviate 
frauds in the practice; and calling to his assistance M. 
D'Albo, a set of regulations and directions were pre- 
pared and published at Paris, first in 1669, and after- 
wards in 1672, under the title of " Instruction gSngrale 
pour la Teinture des Laines et Manufactures de Laine 
de toutes Nuances, et pour la Culture des Drogues ou 
Ingredients qu'on emploie." This, however, was not 
intended merely to inform, but, as a legislative act, to 
control the dyers in their operations. It continued the 
former division of them into two classes; the one, dyers 
" en grandj^^ who were confined to the colours deemed 
lasting, while the dyers " en petit teinty^^ were allowed 
only to give those which were considered as fugitive; 
the drugs to be employed in each branch being also 
particularly specified; and the dyers in each prohibited 
from using, or having in their possession, any of the 
drugs allotted to the other. Such restraints, though in- 
tended to prevent frauds, would have operated as checks 
upon future improvements, if the government had not, 
at the same time, encouraged useful discoveries in this 
art, first, by ofiering particular rewards, and afterwards, 
by appointing those eminent chemists, Dufay, Hellot, 
Macquer, and BerthoUet, in succession, to superintend, 
officiaUy, the practice of dyeing in its several depart- 
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ments, and to cultivate those branches of chemical and 
other sciences, which were connected with the princi- 
ples, or capable of amending the theor}*, of that art; 
and, considering the eminent benefits which have re- 
sulted from the labours of these men, there is cause to 
regret the want of such an appointment in this great 
manufacturing and commercial nation. 

With Dufay's assistance, M. Colbert's ** Instruction'' 
was amended, or rather superseded by a new one, pub- 
lished under the administration of M. D'Orry, in 1737. 
He (Dufay) appears to have been the first who enter- 
tained just conceptions of one of .the causes of the ad- 
hesion of colouring matters to stuffs when dyed; I mean 
that which depends on an affinity or attraction subsist- 
ing between such matters, and the fibres or substance 
of the dyed stuffs. He clearly perceived that without 
this, cloth, while in the dyeing vessel, could only ac- 
quire a degree of colour equal to that of the dyeing li- 
quor, by an equal participation of the colouring matter 
dissolved therein; whereas, in fact, the cloth is often 
seen to exhaust, In/ attracting to itself all the tingent 
particles of the dyeing liquor, so as to leave it as co- 
lourless as water. He also noticed the difference in the 
degrees of attraction, which different substances, as wool 
and cotton, exert upon the same colouring matters; and 
which he found so great, that a skein of each having 
been in an equal degree subjected to the means and 
operations commonly employed for dyeing scarlet, the 
woollen yam was found to be fully and permanently 
dyed of that colour, while the cotton retained all its 
former whiteness.* He appears, however, to have had 
no conception of the other and more important cause 

* ObserTadops Physiques sur le Melange de quelques Couleurs 
dans laTeinture. M^moires de rAcad^mic Royale^ Sec. 1737. 
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of the permaneAcy of adjective colours, I mean that 
which arises from the interposition of a suitable basis^ 
possessii^ a particular attraction both for the colouring 
matter and for the dyed substance, and thereby acting 
as a bond of union between them: nor did his successor, 
Helloc, ever approach nearer to the truth on this sub- 
ject. He, (Hellot,) indeed, published an exceUent prac- 
tical treatiae on the art of dyeii^ wool and woollen 
cloths, in which the several processes were very acco- 
rately described: but in reasoning upon the fiicts stated 
therein, he adopted, and suffered himself to be grossly 
misled by, a frivolous hypodiesis, devoid of the least 
foundation in truth* He fimcied that he could discover, 
in every dyeing process, some means by which sulphate 
of potash (then called vitriolated tartar) migl^ be form- 
ed; and this neutral salt not being readily soluble by 
cold water, nor by air or light, he conceived the whole 
art of dyeing to consist in first dilating the pores of the 
substance to be dyed, so as to procure a copious admis- 
sion of colouring matter, divided by a suitable prepara- 
tion into atoms, and then wedging or &stening these 
atoms within the pores of the dyed substance, by the 
small particles or crystals of this difficultly soluble neu- 
tral salt. Upon thb mechanical hypothesis, he supposed 
that alum became useful in dyeing, not by the pure clay 
or alumine which it contams, and which alone contri- 
butes to fix any colouring matter, but by furnishing 
(and only by furnishing) sulphuric or vitriofic acid, to 
assist in forming the sulphate of potash, which was to 
perform this important fimction of wedging or fiistening 
the colouring atoms; though, if he had brought Uiis vi- 
sionary hjrpothesis to the test of experiment, as might 
have been easily done, he would have found, not only 
that no sulphate of potash existed, in many of the cases 
where he supposed it to produce such important effects. 
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\mk aliD that^ even if inteatioBalljr formed and employ- 
ed for tilts purpose, it possessed no power whatever of 
fixing any colouring matter yet known. But though 
nothing couid be more groundless than this theory, jAe 
learned in all countries appear to have been satisfied 
with it for a considerable length of time, it being always 
less troublesome to believe than to md^e experiments. 
The kte celebrated Macqoer, in a Measoir, [Hinted 
among those of die Royal Academy of Sciences for 
1749, mentioning Hellot and his hjrpothesis, says, '^ce 
savant chkniste est le premier qui ait port^ le Jlambeou 
de la physique, dans Part obscur de la teinture, et qui 
ait nis8emfal6 et mb en ocdre, suivant les principes 
d'une th^orie ingenieuse, les phinomenes et ks op6ra- 
tions biztfres de cet art: il a mis les chimistes i port6e 
de voir dair, dans oe chaos t£n6breux«'' And after- 
wards, in his prefiu:e to his Treatise on dyeing Silk, 
publisbed in 1763, he makes this observation: ** ce se- 
roit ici le lieu d'exi^uer la maniere dont les mordants 
^[tssent dans la teinture, ot de d€velopper k cause du 
bon et du ftux teint; mais ces objets out 6t6 trait6s 
avec tant de segacite par M. Hellot, que je ctcms devoir 
y renvoyer le lecteur;'' and even so lately as the year 
1766, in an eulogium pronounced upon Hellot, in the 
Royal Academy of Sciences, and published with the 
M^naoires for that year; the secretary, after explaining 
HeUot's hypothesis, says, *^ i I'aide de cette th6orie si 
lumineuse, on ne sera plus tromp6 dans la pratique de 
cet art, que lors qu*on voudra bien Petre." 

Before this time, viz. 1748, Schefier published a small 
work on dyeing, whidi Bergmim afterwards thought wor- 
diy of being republished, with notes written by himself. 
It retEited in a great degree to the application, for the 
benefit of the Swedish manufactures, of the indigenous 
dyeing plants of that kingdom; in search of which. 
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Litinseus afterwards undertook his Iter Gothlandicum. 
Scheffer was thought to have made discoveries of con- 
' siderable importance in dyeing; but not having been 

published, miost of them were lost, as Bergman informs 
us. 

Mn Henry, of Manchester, has observed, that Mr. 
Keir, the ingenious translator of ^^ Macquer's Chemical 
Dictionary, appears to have been the first who suspect- 
ed that (in dyeing) the earth of alum was precipitated^ 
and in this form attached to the material prepared or 
dyed;" and this idea, having been published, was adopt- 
ed by Mr. Macquer, and farther extended in the last 
edition of his ^^ Dictionnaire de Chimie," at the article 
" Teinture,'^ where he seems to have formed just con- 
ceptions of the nature and uses of alum, and of different 
metallic solutions, as mordants, in dyeing.^ This edi- 
tion was published in the year 1778, and Mr. Macquer 
soon after announced a design of writing a general trea- 
tise on the art of dyeing, which his death, however, 
frustrated. Some time after Mr. Macquer's decease, 
Mr. Henry favoured the public with a very interesting 
paper, (in the third volume of the Memoirs of the Man- 
chester Society,) " On the nature of Wool, Silk, and 
Cotton, as objects of the art of Dyeing; on the various 

* Berthollet considers Bergman, as being the first who ascribed 

the fixing of colours, by dyeing, to particular affinities; and I cannot 

now readily ascertain dates so accurately as to decide whether he 

' did this previously to Mr. Keir's publication of the translation of 

Macquer's Dictionary. 

Perhaps it may be allowable for me to observe, that, in a com- 
munication which I made to the Royal Society in 1773, mentioned 
in the last chapter of this work, I distinctly ascribed the production 
of ink and the black dye to this affinity between iron and the co- 
louring matter of galls, and so far, at least, I had anticipated both 
Kier and Bergman. The first publication by the latter, on this sub- 
ject, was, I believe, in 1776. 
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^piirations and mordants requisite for these different 
substances; and on the nature and properties of co« 
louring matter, &c.:'' a paper replete with useful infor- 
mation, and ingenious ideas, (particularly respecting the 
causes of the durability of what is called the Turkey 
red,) and which deservedly reflects great credit on the 
author's talents and acquirements* And in the year 
1791, that most excellent chemist, M. Berthollet, who 
had been appointed by the government of France to 
succeed M. Macquer in superintending the arts con- 
nected with chemistry, and particularly dyeing, pub- 
lished a work of great merit, under the title of ** £16- 
mens de I'Art de la Teinture," in two volumes, which 
has been translated into English by Dr. Hamilton.^ 

Before the publication of M. BerthoUet's work, I had 
collected most of the materials for this undertaking; and, 
thou^ he has anticipated many things which I was pre- 
pared to mention, (some of which I shall notwithstand- 
ing mention in my own way,) this production afforded 
me great pleasure, as well as profit; because the author's 
superior chemical knowledge has enabled him to take 
just views of many intricate parts of his subject, and to 
reason with great solidity, as well as sagacity, upon 
most of the operations of dyeing. He has, moreover, 
enabled me to abridge my own work, by referring, as I 
must do, to his, for more ample information upon seve- 
ral topics, particularly those of fuel, the different acids, 
alum, the sulphates of iron, copper, and zinc, verdi- 
grise, acetite of lead, the different alkalies, soap, sul- 
phur, arsenic, and water, of all which he has treated so 

• Since the above was written in 1T94, a new and im/troved edU 
tion of the " E16mcns de TArt de la Teinture" has been published 
by M. Berthollet, conjointly with his son, (lately deceased,) and all 
my quotations from the Elements, &c., are to be understood to 
have been made from this ntw ediuon, unleM the contrary be stated. 

Vol. I. f 
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ably and fully as to leave but very little for me to add 
respecting any of them. 

But though I have been preceded by authors of such 
distinguished ability as Mr* Henry and M. BerthoUet, 
the new facts and observations which I here offer to my 
readers, will show that I did not find the subject ex- 
hausted. And, indeed, it is so for inexhaustible, that it 
probably will afford ample employment for the greatest 
talents and industry during many generations. 

In justice to that very eminent and respectable che- 
mist, M. Chaptal, I ought to mention that hb excellent 
work, intitled " Elemens de Chimie," (in three vo- 
lumes,) contains many ingenious facts and observations 
relating to the causes of the production and changes of 
colours, as well as to several other subjects connected 
with dyeing: and to these he has since made consider- 
able* additions in his most valuable work, intided *' Chi- 
mie appliqu6e aux Arts," in four volumes octavo, which 
was published soon after he had, with great difficulty, 
obtained permission to resign his office of minister of 
the interior of France, and return to his early and fa- 
vourite pursuits. 

M. Vitalis, of Rouen, has also recently published a 
small but useful work, intitled, Manuel du Teinturier 
sur fil et sur coton fil6. 

Some other works deserving of notice have also, with- 
in a few years, been published on this subject, particu- 
larly a French translation of that of Scheffer, with notes, 
by the celebrated Bergman; another by Poemer, which 
has been translated into French from the German, and 
published with notes by Desmarets and Berthollet; and 
a third by Dambourney ; but neither of these has done 
much towards improving the theory of dyeing. That of 
Poerner contains an account of many experiments made 
by the author, with different dyeing drugs; but, unfor- 
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timately, his reasonings upon them, and upon every 
part of the subject, are highly defective. Damboumey 
(a respectable merchant) was possessed of no chemical 
science, and he has done little more than give an ac- 
count of the trials which he made with a considerable 
number of vegetable matters; few of which are likely to 
be ever much, if in any degree, employed by dyers. 

Calico printing, though practised for many ages in 
some parts of Asia, seems not to have been seriously 
attempted in Europe, until the eighteenth century; and 
its progress, as well as introduction, were, for a consi- 
derable time, chiefly the result of British ingenuity and 
industry. Of their effects, some accpunt will be given 
at p. 253 et seq. of this volume; and I shall only add 
here, that, about the year 1750, it was computed that 
fifty thousand pieces of linen and calico were annually 
printed in Great Britain, and chiefly in the neighbour- 
hood of London; though, at that time, there was no ca- 
lico printing in France, and the French government, to 
favour their alk manufactures, had prohibited, under 
severe penalties, the wearing of chintzes, and printed 
linens and cottons. In 1759, however, these prohibitions 
were annulled. 

Eminent writers have derived the arts of dyeing and 
calico printing from a considerable degree of perfection, 
which they suppose chemistry to have somewhere at- 
tained in remote ages, though afterwards lost; and they 
imagine that particular processes of the art were pre- 
served after the principles on which it was founded had 
been forgotten.* I am not able, however, to pe^ce^e 
any sufficient ground for these opinions. In fact, there 



Mr. Henry's paper in the third volume of the Memoirs of 
the Manchester Society. Also Hist, and Memoires de T Acad. R.. 
des Sciences, fcc. 1750, and 1766. 
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IS no good reason to believe, that chetnistiy ever bad 
made any such progress among the ancients, or tiitt 
they ever were so much engaged in the pursuit of know- 
ledge by experiment, as would have been necessary for 
the acquisition of but a moderate portion of chemical 
science** Even the operations of calico printing, as 
practised by the people of India, and which, above all 
others, have been considered as the result of an im- 
proved state of chemistry, are, in many respects, highljr 
inconvenient, and incumbered mth useless parts, which 
a little chemical knowledge would have taught them to 
reject, as, indeed, they were rejected by the people of 
Europe, very soon after calico printing beg^ to be 
practised here, though it began and was continued fot 
some time with very little aid from chemical science. 
And, considering how far many of the operations of 
dyeing and calico printing have been carried towards 
perfection, unassisted bjr principles, we may say of this 
art, or, until vety lately, might have said what Lord 
Bacon says of music, that '* the practice has been well 
pursued, and in good variety, but the theory weaklyi 
especially as to assigning the causes of the practice.'* 
Bacon's Works, by Mallet, vol. iii. p. 29. 

But though the observations of many individuals, oc- 
cupied with the means and operations of dyeing, through 
a long succession of ages in different countries, joined 
to very important accidental discoveries occurring from 
time to time, have produced great improvements in this 
art, with very little help from theory, we are not to infer 
that a knowledge of its true principles, and of the causes 

* Pliny observes, that dyeing had never been considered ai a 
liberal art; and he alleges this as an excuse for not giving a ra^ 
tionale of it. Lib. xxii. c. 3. But this was a mere excuse, becauM 
no degree of science then in the world could have enabled him to 
do so. 
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operate in producing its various efiects, will not 
prove useful in the highest degree; for, (as Mr. Henrj 
has well observed,) ^^ though long experience may es- 
tablish a number of facts, yet, if the rationale of the 
manner by which they are produced be not understood, 
misapplications are liable to be made; similar practices 
are pursued where the cases difiei) essentially; and im- 
provements are attempted at hazard, and often on false 
principles." And in confirmation of these truths, per- 
haps I cannot better conclude this Introduction, than 
by adding the following quotation from the History and 
Memoirs of the Royal Academy of Sciences at Paris, 
for the year 1761, xriz. 

'^ La description des arts, faite avec une exactitude 
SclairSe, depouUlSe de toutes les pratiques inutiles, que 
Pignorance toujours mysterieuse y accumule sans cesse^ 
et redtdte aux principes constans de la saine theorie, est 
petititre^ le mayen le plus propre h hater leur perfection^ 
et ^ rendre plus abondantes ces sources de biens ct de 
ccxnmoditgs, que I'etre supreme a voulil que les hommes 
diissent i leur travail, et i leur Industrie." 
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CHAPTER I. 

Of the Permanent Colours of Natural Bodies. 

<'Ceax qui exifent qi^on leiir doBue U raiaoB d'an efet genera^ jm «MkiiobMDtt Ai 
*<I*etendQe de la nature, ni lea limitet de rosprit humain.'*— M. job Buft^v. 

The subject of this chapter was covered with dark- 
ness, until the immortal Newton threw light upon it, by 
{Ssseettngt if I may so express myself^ the matter of 
Kgfa itself; By his experiments we have been taught, 
tluit *' the light of the sun consists of rays diftrently 
re^^angible:^^ and that, when separated by the prism, in 
consequence of their different degrees of refrangibility^ 
they afford aH the various shades of colour, running 
gradually into each other, according to their particular 
degrees of refrangibility; the violet being most refract 
ed; the indigo next; then the blue, green, yellow, orange, 
and red, which last is, of all others, the least refracted; 
that the same rays also differ in degrees of reflexibility, 
according to dieir degrees of refrangibility. 

That the proper colour of homogeneal light, depend- 
ing on its particular degrees of refrangibility, cannot be 

Vol. I. A 
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changed by reflections or refractionb; and '^ If the sun's 
light consisted of but one sort of rays, there would be 
but one colour in the whole world," nor the possibility 
of producing any new colour by reflections and refrac- 
tions; and, therefore, ^* that the variety of colours de- 
pends upon the composition of light." 

That ^^ colours, in an object^ are nothing but a dispo- 
sition to reflect this or that sort of rays, more copiously 
than the rest; in the rays^ they are nothing but their 
dispositions to propagate this or that motion into the 
sensorium; and in the iensorium^ they are sensations of 
those motions, under x\\t forms of coloursJ^\ 

That ^* colours may be produced by composition, 
which shall be like to the colours of homogeneal light, 
as to the appearance of colour^ but not as to the immu- 
tability of colour, and constitution of light; and those 
colours, by how much they are more compounded, by 
so much are they less full and intense; and by too much 
composition they may be diluted and weakened, till 
they cease, and the mixture becomes grey. There may 
be also colours produced by composition, which are not 
fully like any of the colours of homogeneal light." 
'^ For a mixture of homogeneal red and yellow, com- 
pounds an orange, like, in appearance of colour, to that 
orange, which, in the series of unmixed prismatic co^^ 
lours, lies between them; but the light of one orange is 
homogeneal as to the refrangibility, and that of the 
other is heterogeneai; and the colour of the one, if 
viewed through a prism, remains unchanged; that of 
the other is changed, and resolved into its componei\t 
colours, red and yellow. And after the same maimer, 
other neighbouring homogeneal colours may compound 
new colours, &c." And if to a colour so compounded, 
other colours be added in sufficient quantities, they 
will gradually overcome the first, and prodMce '^ white- 
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bess, or some other colour.*^ *' So if to the colour of any 
homogeneal light, the sun's white light, composed of all 
sorts of rays, be added, that colour will not vanish or 
change its species, but be diluted; and by adding more 
aind more white, it will be diluted more and more, per- 
petually/^ '* Lastly, if red and violet be mingled, there 
will be generated, according to their various propor- 
tions, various purples, such as are not like, in appear- 
ance, to the colour of any homogeneal light; and of 
these purples, mixed with yellow and blue, may be 
made other new colours.'* ** That whiteness, and all 
grey colours between white and black, may be com- 
pounded of colours, and the whiteness of the sun's 
light, is compounded of all the primary colours mixed 
in due proportion." To illustrate this, he produced 
whitenessj first by a mixture or re*union of the several 
prismatic colours, and then, as he asserts, by mixtures 
of differently-coloured substances, in due proportions.^ 
Each particular colour being, therefore, a property of 
that particular sort of ray which |>roduces the percep- 
ti<m thereof. Sir Isaac Newton concludes, that the per* 
raanent colours of natural bodies arise from hence, that 
some of them *' reflect some sorts of rays, others other 
sorts, more copiously than the rest. * Minium reflects 
the least refrangible, or red making rays most copious- 
ly, and thence appears red. Violets reflect the most 
refrangible most copiously, and thence have their co- 
lour, and so of other bodies; and, " whilst bodies be- 
come coloured, by reflectmg or-transmitting this or that 

* This last asaertioD appears incredible, unlets the coloured sub- 
stances were ail tratuparent. A painter, I am confident, would 
never produce white from any or all of the several opaque colours, 
in whatever proportions they might be mixed; and the Dyer who 
should, in the usual ways, apply them to a piece of white cloth, 
would soon find it become Hack. 
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acHt of rays more copiously than the rest, it ta to lie torn* 
ceited that they atop and sttte in thenlaelvea the nyt 
which they do not reflect." 

Sir Isaac Newton's deoMHistratians and illttstratioHs 
of this doctrine may be seen at large in the Jint Book 
of his Optics, to which I refer, withoul intending to 
pr<^)06e any objection thereto. It may, indeed, be liable 
to several; but as these, even if well founded, • would 
not affect my tUHmate conclusions, I shall thus far ad« 
here to the doctrine under consideration. 

Sir Isaac Newton's second Book, however, contunt 
matter to which I cannot assent. He begins it with 
<< Observations concerning the reflections, xefraction% 
and colours of thin tran^rent bodies;" and mentioned 
what had been observed by others, *^that transparent 
substances, as glass, water, air, &c. when ipade vdry 
thin by being blown into bubbles, or otherwise formed 
into plates, do exhibit various colours, according^ to 
their various thinness; although ai a greater thickness 
they appear very clear and colourless*" And though he 
considers these colours as <' of a more difficult eonnde*' 
ratum,^^ yet as ** tliey may conduce to fanher discover 
xies for completing the theory of light, e^pecioUy us to 
the constitution of the parts qf natural bodies^ an 'whkh 
their colours or transparency d^pend^^ he ddivers bia 
awn observations on this subject: Of these, the princi<- 
pal was made, by taking *^ two object^glaasea, the one 
a plano*convex, for a fourteen«foot telescope^ and tlie 
other a large double convex, for one of about fifty foot; 
and upon this laying the other, with its plane side down- 
wards, I pressed them slowly together, says he, to make 
the colours successively emerge in the middle of the 
circles, and then slowly lifted the upper glass from the 
lower, to make them successively vanish again in the. 
same place. The colour which, by pressing the glasses 



together, emerged bst, in the middle of tjie other cor 
lours, would, upon its first appearance, look like s cir« 
de of a colour, almost uniform from the circumference 
to the centre; and by compres»ng the glasses still more, 
grow continually broader, until a new colour emerged 
in its centre, and thereby it became a ring, encompass 
sing that new colour; and by compressing the gla$9es 
still more, the diameter of this ring would Increase, and 
the breadth of its orbit, or perimeter^ decrease, until 
another new colour emeiged in the centre of the last; 
and ao on, until a third, a fourth, a fifth, and other foK 
lowii^ new colours successively emerged there, md 
became rings, encompassing the innermost colour; the 
last of which was the black spot: And^ on the contrary, 
by lifting up the upper glass firom the lower, the diame* 
ter of the rings would decrease, ^nd the breadth of their 
orbit increase) until their colours reached successively 
to the centre; and then, they being of a considerable 
breadth, I could more easily discern and distinguish 
their species than before." And these he found to be 
in succession from the black pentral spot as foUQWs, viz, 
first, blue, white, yellow, and red; then in the next cir* 
cuit or order, iipmcdiately encompas$ing these, were 
violet, blue, green, yellow, and red; in the third <:ircuit 
or order, were purple, blue, greeni yellow, and red; 
after this succeeded in the fourth circuit, green and 
red; then the fifth, of greenish blue and red; next, the 
mxth, of greenish blue and pale red; and lastly, the se- 
Tenth, of greenish blue and reddish white: but the co- 
lours in the last three circuits he describes as having 
been very indistinct, and ending in perfect whiteness. 
^' By lodging through the two object glasses," con. 
tinues he, *' I found that the interjacent air exhibited 
rings of colours, as well by transmitting light; as by re- 
flecting it. The central spot was now white, and from 
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it the orders of the coloors were yellowish red; Mack, 
violet^ blue, white, yellow, red; violet, blue, green, yel- 
low, red. See. But these colours were very faint and di- 
lute, unless when the lig^lit was-trajecled very obliquely 
through the glasses. Comparing the coloured rings 
made by reflexion, with those made by the transmission 
of light, I found," adds he, ^' that white was opposite 
to black, red to blue, yellow to violet. Sec" And as 
rings of similar colours were observed in bubbles, 
'* Mown with water, first made tenacious by ^dissolving 
a little soap in it," Sir Isaac Newton endeavoured ma- 
tfiematically to ascertain the diflerent comparative thick- 
nesses of air, water, and glass, at whidi the several 
circuits or orders of colours appeared as before men- 
tioned^ which he has noted in a table prepared for that 
purpose, and from which this remarkable fact appears, 
that similar colours in the diflerent orders occur ^ and are 
repeated over and aver again at very great tSversities of 
thickness; a circumstance which, in my humUe opinion^ 
proves incontestaUy, that though thickness might be one^ 
it could not be, as he supposes j the only cause of these re- 
peated variations of colour.^ It was, at that period, the 
fashion to ascribe even chemical effects to mechanical 
causes: alkalies were supposed to neutralize acids, as 
the Made of a sword is sheathed by its scabbard; and 
the most learned physician of his age, soon after, thought 

* Sir Isaac Newton seems to have fisreseen this objection to lus 
hjpothesis, aod to have endeayoured to obyiate it} by supposiog the 
existence of what he denominated different orders of colours; in 
each of which it was conceived that the red| orang^, yellow, Sec. 
required for their production very different thicknesses from 
those which produced the same colours in the other orders: this, 
however, was but a supposition, improbable in itself, and repugnant 
to a multitude of facts, which will be mentioned in the course of 
this work. 
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it proper to write a Meehamad Account ofPoUtms. W« 
are not, therefore, to wonder that Newton himself should 
have been mided on this subject, since the whole 
amount of chemical knowledge in his time, had he pos- 
aessed it, would, like an ignis futuus^ have only served 
to light him astray; as in truth it seems, in some de* 
gree, to have done; for, after stating as a proposition, 
jthat '* the transparent parts of bodies, according to their 
several sizes^ reflect rays of one colour, and transmit 
those of another, on the same grounds that thin plates, 
or bubbles, do reflect those rays," he goes on to men? 
tion, *' that, by mixing divers liquors, very odd and 
remarkable productions, and changes of colours, may be 
effected; of which no cause can be more obvious and 
rational, than that the saline corpuscles of one liquor, 
do variously act upon, and unite with, the tinging cor*- 
puscles of another, so as to make them swell or shrink 
(whereby not only their bulk, but their density also, 
may be changed), or to divide them into smaller cor- 
puscles (whereby a coloured liquor may become trans- 
parent), or to make many of them associate into one 
cluster, whereby two transparent liquors may compose 
a coloured one:" and laying it down as a proposition, 
that *^ the bigness of the component parts of natural' bo- 
dies, may be conjectured by their colours," he endea- 
vours, among other things, to explain why the syrup 
of violets, ^* by acid liquors, turns red, and, by urinous 
and alkalizate, turns green;" and for this purpose, be 
supposes, that ^* it is the nature of acids to dissolve or 
attenuate, and of alkalies to precipitate or incrassate;" 
a supposition, which, as acids and alkalies are chemical 
agents^* is hot true of either of them, in the sense in 

* When acids ^ dissolre or attenuate," it ii bj combining and 
forming a new compound with the matter so dissolved or attenuat- 
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which Sir Isaac Newton appears to have understood it; 
Ihoughi in another sense, it is partly true and partly 
ftlse of both; since both are capable of -dissirfving a 
great variety of substances, and when a substance is 
dissolved by either, it will most commonly be decom- 
posed and precipitated by the other: but certainly the 
effect of coagulating, or inerassatmgy which he ascribes 
to alkalies, is much more frequently produced by acids; 
though nothing like it is produced in any of the changes 
of colour, which they occasion to the syrup of violets. 
It must be also observed, that Sir Isaac Newton has 
himself admitted, that what he calls ** fat, sulphureous^ 
unctuous bodies," possess refractive powers *^ two ot* 
three times greater, in respect of their densities^ thaA 
the refractive powers of other substances, in respect of 
their's;" an admission, which seems incompatible with 
the conclusion which he almost immediately after draws, 
*^that nothing more is requisite for producing all the 
colours of natural bodies, than the several sizes and 
densities of their parts."* 

ed; and when alkalies ^ precipitate or incrataate," they always 
produce decompositions, and new conipounds, which are totally 
foreign to those mechanical effects by which Sir Isaac Newton in- 
tended to explain the changes of colour in question. 

* Since my objections to this part of Sir Isaac Newton's doc- 
trine were published, Dr. Young, in the first volume of his Lec- 
tures on Natural Philosophy, p. 469, has delivered the folk) wing 
observations respecting the Newtonian theory of the colours of na- 
tural bodies, viz. 

<< Sir Isaac Newton supposes the colours of natural bodies ia 
general, to be similar to these colours of their plates, and to be 
governed by the magnitude of their particles. If this opinion were 
universally true, we might always separate the colours of natural 
bodies by refraction into a number of different portions, with dark 
spaces intervening; for every part of a thin plate, which exhibits 
the appearance of colour, affords such a divided spectrora, when 
viewed through a prism. There are accordingly many natural co- 



Iq tfans extending and applying his conclusioM, re- 
speetiAg tiie imnsieni colours of pettucid plates and 
bobbies, to the permanent colours of all natural bodies^ 
:Sir Isaac Newton appears to have. been influenced sole* 
fy hf asmiogy; he having made no experiment^ or ob- 
servation, which woiiid justify this extension. But in 
Ac year 1765, Mr. £dward Hussey Delaval, F. R. S. 
end|eavoored to supply this omission, by communicating 
adme experinmts, and observations, on the agreement 
between th(e specific gravities of the several metals, and 
their cdoum, whan aniled to glass, as well as of Uieir 
^ptiier preparations, in a letter to the £larl of Morton, 
then president oi the Royal Society: a communicatioti 
for whiefa the Sociei^ bestowed on him the annual gold 
AKCdai pcdvided by Sir Godfrey Copley. And though 
Mr. Delaval, in this communication, '* treats of the difr 
ference of, density^ and the colours produced by that 
cause,^' he, notwithstanding, considers these as con* 
nected with ^' the cokaurs arising from a di&r^ce of 
the si;ie of the colouring particles;'* since, ^*by sepa* 
rating the particles of a coloured substance, they are 
removed Cd a greater distance from eadi other, so as to 
ewupy more qmce," and, therefore, the substance so 
afiected, ** must undergo a diminution of its specific gra- 
tw^^ at the same time that the size of its particles is 

k^iis in wh^ch such s separation may be observed; one of the roost 
remarkable of them is that of bluiS glass, probably coloured with 
cobalt, which becomes divided into seven distinct portions. It 
aSMiflb liowaveri Impaesible to suppose the production of natural 
eiifeura perGcctly idattical with that of the colours of thio phites, 
on account of the known minuteness of the particles of coIourio|; 
bodies, unless the refractive density of their particles be at least 20 
or 30 times as great as that of glass or water; wiMch.is indeed not 
at all improbable with respect to the ultimate atoms of bodies, but 
dificttk to believe with respect to any of their arrangements coo- 
stitutinij^ the div^itiea ofiaateriai aubstang^/' 
Vol. I. B 
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lessened." And as Sir Isaac Newton had inferred, that 
.'the refractive and reflective powers of bodies^ were 
nearly proportional to their densities, and that the least 
refraiigible rays, require the greatest power to reflect 
them, Mr. Delaval conceived, ^* that denser substances 
ought, by their greater reflective power, in like circum* 
stances, to reflect the less refrangible rays; and that 
substances of les$ density, should reflect rays propor- 
tionably more refrangible, and thereby appear of several 
colours, in the order of their density." And, in support 
of thb opinion, he undertook to ^' give instances of na- 
tural bodies,, which differ from each other in density » 
though circumstanced alike in other respects;" and also 
differ ^' in colour, in the ssune order as they do in den* 
sity; the densest being red, the next in density orange, 
yellow, &c. 

^* In such an inquiry," says he, ^^ metallic bodies 
seem to demand our first and principal attention, as 
their .specific gravities have been ascertained, by.well* 
known andxepeated experiments." Mr. Delaval, how- 
ever, must doubtless have perceived, that metals, in 
their pure simple forms, could not suit his purpose of 
supporting and extending the doctrine of Sir Isaac New- 
ton, in this respect; since platina, which is much the 
heaviest of all metals, and of all known substances^ in- 
stead of being the most red, as upon this hypothesis it 
ought to have been, is white, like tin, the lightest of 
metals; and gold, the heaviest of metals after platina, is 
much farther removed from the red colour than copper, 
which IS so much lighter. And this is more remarkably 
the case of quicksilver, lead, 8cc. To obviate so formi- 
dable a difiiculty, he thought it expedient to premise,' 
that, '^ as the inflammable matter in the entire metals, 
acts strongly on the rays of light, it is necessary to cal- 
cine, or divide them into extremely minute particles, in 
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order to examine separately the action of the calx, or 
Jhced matter, on the rays of light." Bat here, at the 
very threshold, Mr. Delavat is forced to suppose the 
presence of what he calls inflammable matter acting 
strongly on the rays of lights and thus producing or 
changing colours, by prc^rties very different from 
those of density, and size or thickness of particles. I 
might here deny; as, in truth, I am very far from be- 
lieving, the existence of any such matter in metals, 
which, according to the new and prevailing chemical 
doctrine, are simple substances, uncombined with any 
such matter as is here supposed. Admitting, however, 
for the sake of argument, that phlogiston, or inflamma- 
ble matter, does exist in metals; it must be recollected, 
that their calcination is not a mere abstraction thereof; 
since there is no fact in chemistry better ascertained, 
than that every metal in its calcination unites with a 
considerable portion of vital^ air, or its basis, the oxy« 
gene^ of the modem chemists, and which (only by va- 

* By ozygene is meant that substance which, combined with aad 
rendered elastic by heat) or by heat and light, constitutes Tital air; 
or what Dr. Priestley terms dephlogisticated air (first discovered by 
him in August, 1744), the only fluid suited for respiration; the 
fiaduium vitaj without which the more perfect animals cannot live, 
even for a few minutes/ But aa (he atiiaiulant or exhilarating tt- 
fects of this (vital) air would excite» and wear out, the powera of 
life too much and too rapidly, if it were inspired without mixture, 
the wise Author of Nature has presented it to us diluted with near- 
ly four times as much of a different air not resptrable by itself, and 
which is now denominated azotcy or nltrogene. These two airs, 
with a very small portion of carbonic acid gas, or fixed air, and 
some accidental or extraneous matters, compose our common atr 
mospheric air. The oxygene, combined with nitrogene, constitutes, 
according to their different proportions^ either the nitrous or nitric 
acid; the same oxygene united to sulphur by combustion, produces 
either sulphureous or sulphuric (vitriolic) acid; and, with other 
bases, it seems to produQe most of the other acids, \yith pure 
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mtions of proportion) is capable of producinp, ifisb 
psurtieular metals, (and with other substances), all Ae 
possible Tatiations of ooloor. Of tfus, however, Mn 
Debval takes no account: indeed, tt^hen treating of die 
colours of mercury, he ezpressljr says^ ^ I have not eiW 
lered into the coosideratioB of the air, which unitM 
with mercurial colours during their expomre to fire; 
because it does not relate to the grmter or tn$ ^Mmn 
f^ Aeir partideM^ which is die immediate subject of vtsf 
inquiry." ho that, by lus own stateaneat, he has over^ 
looked (because it did not snk his hypothesis) lAr Mfy 
tfm^ Vfcrthf of notice on Ms mbfeet; since the oxides 
or cakes of mercury, and, mdeed^ of all other metals^ 
indisputably receive their vafious colours only by addi* 
dons, greater or sInaUer, ci that air which he professes 
ti> have disregarded; and nrfiich, as he dedares, has no 
selation to the greater or leaser dsvision of their parti- 
cles; ^id we must therefore conclude, diat the varioua 
colours assumed by these cakes, under the oircum« 
stances in question, do not result from any such divi- 

But though Mr. Delaval inculcates the necessity of 
calcining metals, *^ m /order to examine separately the 
action of their cakes or fixed matter, on. the rays of 
light," he does not aditoee ^ colours which they as- 
sume when so calcined, as any evidence of the Qruth of 
his hypothesis; and, indeed, he might have perceived 
them to be absolutely incompatibk with it, since the 
same oxide, by differeiit degrees of cakinalaon, extulUts 
very great diversities of colour. But in order to obtain 
from several of the metals such colours as mted his 

charcoal (carbone) it produces caitxmic acid (or fixed air), and 
vrlth infiammable air (hydrogene) it produces water. This expla- 
nation may be useful to readers not acquainted with the modern 
chemistry. 



I 
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purpose^ he coetkiiied to mek them with what he iv«s 
pleased to tbiidL " a quantity of the purest glass/' atod 
as they, when more or less calcined, and melted or 
nulled with a greater or less portion of glass, are capa* 
ble eaoh of giving several^ dnd some olF giring all the 
colours, it could not be difficult for him to find out, and 
assign tp each metal, as its proper c<riour, that whicb it 
ouglA to havci upon hia auppoaitioa that the colours of 
«etala depended on their vcapcctiTe densities^ Thus, 
for example, irao Ughly eakined, or comUned with a 
large pcrtioo of the basis of TimI dir, (oxygene), gives % 
reddoloul*to melted glassy and if the g^ss be continued 
m filaspa^ the (oxygetie) will hy degiees be aepamtedy 
and in proportioo to its aepaeation, the colour of the 
g|bM M^l change to oraige^ yeHow, gieen, blue, andf 
wbhe. And as blue is die. colour which %wfti Mr. De* 
laval^ purpose^ he sdectx and assigns it as the piDper 
eolottr of iron, and the degnte of heat produeing it, aa 
the proper one foe manifesting those whieh suits him to 
consider as die true colours of metals; though in fact he 
took no means to ascertain what this degree of heat 
ileally was; and die e&ot^ or Uue c61our, would require 
very diferent degrees^ according to the greater or lesser 
degree of teldnatioa which the iron had picnriously un* 
dergone, Or^ in other words, aeaorduig to the quaiititf 
of oxygene pteviousl|y combined widi it* 

Where every thing is in this way assumed or sup« 
posed at pleasure, not only without evidence or proba* 
bility, but often against both, it must have b^en ea8)r 
ibr Mr. Delanral to give some plausibility^ to thi» falla- 
cious hypothesis, though it is abeohilety incompatible 
with a multitude of facts. 

Mr. Deiaval has quoted, from Glauber's Prosperity 
of Germany (translated by Packe, 1688X some curious 
obsetvationB respecting the vannua colours produced 
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by manganese; and he adds, as from his own know- 
ledge, that "amongst the mineral substatices, none 
affords a grea,ter variety of bright coloars, especially 
when it is fused with nitre, or a fixed alkali;'' of these 
he instances a yellow, produced by dissolving manga* 
nese in a weak spirit, together with a green, blue, pur-' 
pie, and red, produced by water poured on it; in the 
first instance cold, and in the others warm, then warm-* 
cr, hot, and ' boiling; * all which colours he ascribes to 
diffetoit degrees of solution, or attemialion, of the par- 
ticles of manganese. But in truth this and other metal-* 
lie calces or oxides, had he properly attended to their 
various changes of colour, might have shown him both 
the fisdlacy of his own hypothesis, and the road, to a 
better. Mboganese is the oxide or calx of a metal which' 
has so strong- an attraction for the basis of vital air, that 
one of the most excellent of chemists, Berthollet, says, 
we may safely consider the whole of what exists in 
nature to be as in a state of oxidation, or combination 
with oxygene: when saturated therewith, I mean with 
the basis of vital air, it is Uacfc; and if it be diluted or 
diffused in melted glass, it becomes purple, or red; and 
as the vital air diminishes by burning with the coaly" 
impurities, (which it is employed to destroy), in glass, 
it gradually loses its power of producing colours, and 
leaves the glass -cdourless; though its colours may be^ 
restored by nitre, or any' thing affording pure air. The 
different solutions of manganese, mentioned by Glauber,- 
and others, undergo their various changes of colour, 
in consequence of a gradual separation or diminution 
of their oxygene; and that this is what manganese pos-* 
sesses, and what it loses, in these operaticMis, is well- 
known to all who are acquainted with the later chemical 
discoveries. I have already noticed the various coloura 
assumed by the oxides or calces of ]ron,.whea com- 
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with different portions of the same air, or its 
basb, the oxygene, which are indeed so many and va- 
rious, that I remember having been told by the late 
Mr, Wedgwood, that all the diversified colours applied / 
to his pottery, were produced by the oxides of this sin- 
gle metal; which must have been all of ve/y nearly the 
^ame specific gravity, and they were besides, in these 
cases, combmed or melted with glass, the substance 
which Mr. Delaval thought proper to choose, as being 
of all others the best, for exhibiting what he was pleased 
.to think the true colours of metals. In like manner the 
oiudes or calces of mercury, lead, copper, &c. assume 
each a variety of colours, by combinations with diflfe- 
rent portions of oxygene, without any thing like a cor- 
respondent variation of density, or of specific gravity 
in any of them. Of this Mr. Delaval appears to have 
been sensible, at least in the instance of lead, and he 
endeavours to obviate the evidence which :it affords '' 
against, his theory, by ascribmg the various colours of ^ 
ithat mefal to its <* imperfectioR," which he is pleased 
to snppascy without any, and against every, kind of proof 
and probability: and then, he proceeds to say, «' it is 
probable that, during the calcination, tead receives a 
small portion of phlogiston^ as well as of air; ,for the ' 
affinity between. the earth of this metal and inflammable 
matter is very great, as appears from the reidiness with 
which its solutions and calces unite, with phlogistic va« 
pours." "The eflBtct of such an union,". he adds, 
*^ m^st probably be a change of colour from orange to 
r^; for Sir Isaac Newton has shown, that bodies reflect 
more strongly in proportion as they possess more phlo* ' 
giston, and that the less refrangible colours require 
greater power to reflect them." Here we have another 
gratuitous and strange supposition of an accession or 
combination of phlogiston with lead in calcination: I 
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say strange, because those of the Adherents of pKlogts- 
ton who yet continue to believe its existence in metaU, 
have constantly supposed that, in calcination, while they 
received air, they hit^ instead of gainings inflammable 
matter. But were this extravagant supposition to be 
admitted as a cause of the changes of colour in metals, 
bow can it be reconciled to any hypothesis which makes 
their colours depend on their respective densitiei^ Iii>- 
deed, if the effects which Sir Isaac Newton supposes 
phlogiston to produce on colours were real, and if phlo- 
giston existed in them, as he and Mr. Delaval imagined, 
it would be difficult to conceive why all metals are not 
red, or more inclined to redness, dian their calces or 
oxides* But enough, perhaf^s too much, has been said, 
to refute Mr. Delaval's hypothesis, so far as it relates 
to the colours of metals. Unf<Mrtsnately, however, tot 
my readers, as well as for mytolf, he ha§ thought prO'* 
per, in a larger work,^ puUished some time since, t» 
extend the same hjrpothesis to the colours of animal and 
v^etajble substances; and has ende£(voured to confirm 
and illustrate Sir Isaac Newton's idefas on this mifaject, 
by a variety of experiments, wfaidi are representpd as 
instances of changes of colour produced in these sub^ 
stances, by an increase or diminutiQn in the sisses of 
their particles: I am, therefore, compeHed rduqtantlf 
so extend my own dbservations a littie fSother on this 
subjetf ; and I must begin by complahiiiig of a contmu* 
ance of grattdtaui and JaUacious Hippositums^ Similu* to 
those which I have before had occasion to notice; fof 
when, in operating upon, or with di&rent matters^' he 
professes either to increase or diminish the sizes of 
Uieir particles, and to do nothing mote^ (to show that 

* Experimental Enquiry into the C&uie of tlie Ptermsneht Co* 
lours of Opake Bodies. 4to. 



the chaiiget of colour jwoduced in tbem, accord with 
the thicknesses stated in the table of Sir Isaac Newton,) 
aistbad of choosing and employing mechanical means, 
which alone are suited to produce these, and only these 
^eeu, be has recourse to mere chemical agents, whose 
«ction in the ways which he supposes, must have been 
idways doubtfbl at least, though their powers of pro- 
^cing other, and very different effects from any sup- 
posed by him, is most certain. Mr. Delaval, however^ 
adopting Sir Isaac Newton's supposition, that acids 
always attenuate, and alkalies always incrassate, pre- 
pared what he oonsidered as a dissolving or attenuating 
^uor; which ** consisted of water, with about an eigh- 
tieth part ofjOfua fariis: and when he wanted to lessen 
the dissolving force of this liquor, instead of weakening 
it by the addition of water (which would certainly have 
been the most obvious and unexceptionable expedient), 
he chose to do it^ as he says, by adding ^* a small quan- 
ti^ of a solution of potash, or some other alkaline lU 
€pkOT\^ and thereby produced a new composition, the 
eflfects of which must, in many cases, prove different 
from those of a mere diminution of the supposed dis- 
soiring power of the former liquor. And on the other 
hand, when he viranted to increase the force of his acid 
liquor, instead of doing it by a farther addition of aqua 
fartis (obviously the most proper expedient), he recurs 
to an addition of oil of vitriol; an acid possessing very 
Afferent properties, and producing very different effects, 
<m a great variety of substances, and particularly on 
colouring matters; of which I could allege hundreds of 
instances, but shall content myself with only mention* 
iBg, that the strongest and most concentrated oil of vU 
trioi (used to dissolve indigo for dyeing the Saxon blue, 
8tc.) does jiQt destroy, or even weaken, its blue colour, 
though a dihi^ nitric acid, or aqua fortis, will wholly 
Vol. I. ' C 
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destroy it, and convert the itidigo to a dirQr brown 
niassy of no nse whatever. 

' Having thus assumed, that acids attenuate, and do 
nothing but attenuate, the particks of colouring matter; 
that alkalies incrassate, and doing nothing but incrassatCi 
the same particles; that by adding an alkali to his mix* 
ture of aqua fortis and water, he weakens, and only 
weakens, its attenuating force on one hand; and that om 
the other he increases, and .only increases it, by an ad- 
dition of vitriolic acid; he next provides himself with 
so much of Sir Isaac Newton's table before mentioned 
as suits his purpose, by transcribing the di&rent co>> 
lours of the three first orders, and the diflfereiit thick- 
nesses of air, water, and glass, supposed - to produce 
each of these colours, one after the other; and thus 
equipped^ he proceeds to make experiments upon red 
infusions, of certain vegetables, and genecally .finds, that 
with ^is acid liquor, the colour continues red; that, with 
the addition of oil of vitriol, to' attenuate farther, (as he 
supposes) it becomes yellow; and that if, instead of oil 
of vitriol, he adds an alkali, to incrassate, it becomes a 
purple. Now it so happens, that though all the other 
colours are repeated in more than one order, purple is 
marked but once in Sir Isaac Newton's table, and then 
it is placed as the first colour of what he terms the third 
order; and if the red and yellow, from which the purple 
in question had proceeded, were supposed to be of the 
same order (as might be expected), then the production 
, of this purple ought, upon Mr. DelavaPs theory, to re- 
sult not from incrassation, but from attenuation; smce 
the particles of it are stated to be nearly one third leas 
In size, than the particles of the red, and nearly one 
fourth smaller than those of the ydlow of the same 
order: but such is the happy arrangement ef this table, 
and of thei several orders of colours, that, l^^ supposiilg 
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tlie red in this instance to be the red of the second ord^r, 
he finds a purple below it in the third, with only an^ 
thiervening colour^ and a yellow ' at the same distance 
above; and by these lei^s, he reconcilesthe appearances 
to the theory. Indeed, as the second, or middle order 
in the table, contains all the di&rent colours, and as» 
excepting one, they are all repeated in the first order, 
which is <ib0ve; and also in the third, which is bdaw; 
hardly any change <^ colour can happen, which may 
not ,be made to accord with Mr. Delaval's hypothesis^ 
he being always allowed to suppose each original or 
primitive colour to belong to that order which may be 
most convenient for his purpose; though, in truth, the 
very admission of difierent orders or repetitions of the 
same colours, produced repeatedly by and at different 
thicknesses^ or sizes, either of particles or plateis of 
matter, is of itself a proof (as I have before observed) 
that such colours donot depend on any particular thick* 
of plates or sise of particles.^ 



* Wbea Mr. Delavalf od every occasion, allots each particular 
colour to some one order, exclusively of the rest, it would seem 
reasonable to expect, that he should justify this allotment by some- . 
thing besides his own convenience, and particularly that he should 
prove that the red, for instance, which he places in the second 
order, exceeds that of the first order, in the density and tdse of its 
partides, eva^lj in the same proportion as 18^ exceeds 9; and that 
the red which he places in the third order,, exceeds that of the se- 
cond exactly in the proportion of 29 to 18|: and that the other co- 
lours of the several orders, differ from each other likewise, accor- 
dbg to the proportions stated to ^ meteattry ibr their promotion, 
in the table which he has adopted from Sir Isaac Newton. Before 
this division of colours iaio orders* and the hypothesis connected 
with it, can be admiued to hjEive any other than an imaginary foun- 
dation, it ought to be proved, that all the known reds, differ from . 
each other in respect to the densities and sises of their particles, 
ejnocf/y mecor^^ fo iht ^fare-mtntiontd profiortiomi and so of the . 
orangey, yellows, &c. since, in every ease^ the slightest deviation 
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I «m far from thinking that Mn Dclaval has alvvmja 
chosen the matters, most proper for fair experiflo^otat 
or that the experiments themaelires, even on his own 
{M'inciples, were well calculated to ascertain the truth. 
But such as they are, I can readily point .out scvcfsU 
which, on hb own improbable, or rather impossible 
supposition, of mechanical attenuation or incrasaation^ 
and nothing else, by chemic'<d ^[ents, caoMt he recoups 
cited to his theory, even by the asaistanoe of Sir Isaac 
Newton's convenient table. The green leaves of the 
anfl (indigofera) and giastrum^ he says ^* being long 
steeped in water, their parts are tBaohed into a blue 
sobstanoe, which is indigo and woad." Now dhe irutk 
is, that the blue arising froaa these vegetebles is not the 
result of any AisobitUm^ but of an abaorptioo of pure 
air, during the fisrmentation which they undergo; and 
this colour does not mamfest itsd^ until there is a be- 
ginning aggregation and ameretian of its matter, inio 
larger particles, which becoming deneer^ as well as 
larger^ sink down to the bottom, leaving the water 
nearly colourless. So that here the change from green 
to blue^ is manifestly accompanied with an increase, 
both in the size and density of the coloured particles, 
which is absolutely incompatible with Mr. Delaval's 
hjrpothesis; since, according to. the table in question, 
every change of colour from green to blue b die effect 
of a dimmutumf not an inerease, in the size and density 
of its particles. When the indigo, itself (formed into diy 
masses) b to be dissolved for dyeingf by die combined 

fpom tlie tbiGknMS or dze of particles, auted as essential to the 
pFoductkm of a particular colour, ought to occasion the a|»pearaoce 
of thst colour, which is neit In the series above or below. But 
nothing like this is any where attempted, nor is there any thing 
accessible to human obsenrationy wUeh eould b any degree justiiy 
the atiempi. * 



action pf amstic alkalies, and of particular ehemlcal 
attractions, or vegetable ferments, the solution, though 
manifestly attended with a ^vision or diminution of the 
coloured particles (as well as a loss of the air absorbed 
durii^ the first process) becomes ^en, contrary to the 
table and hypothesb in question; and in tfiis state, it is 
appfied bj the dyers to wool, and other substances, to 
he dyed; and these, when first taken out and exposed 
to the air, appear green; but by absorbing, and uniting 
with a portion of oxygene, ^ey immediately become 
Moe, Md in doing so, the divided particles again cob» 
Crete into hu^r ones, as must be evident, among other 
proofs, from this, that the suriiK^e of the mdigo liquor, 
on iridch the air has an immediate action, is frMi that 
cause always Uue; and if we skim off this blue matter, 
(which is nothing buff indigo revived) it will be found 
impossible to make it enter the pores of any substance, 
so as to dye a permanent cdoor therewith; because the 
particles having regained their proper portion of pure 
air, or its basis, are no longer sufficiently divided and 
dissf^ed for that purpose; so that in all these cases, the 
matter of mdigo becomes more ' dense, and its panicles 
larger, in passing feom green, to the more refrao^^ble 
colour, blue; at»A the contrary, in passing from blue to 
die less refrangtbte colour, green« And this is also the 
ease, when the infusions of rhubarb, turmeric, &c. are 
aaade ^* to descend {as he expresses it) from yellow to 
orange and red,'^ ^* by the addition of an alkali/' which, 
whatei^er he may imagine to the contnffy, dKt<^/b«r these 
colouring matters, more powerfully than any acid. Si« 
milar objections occur, in opposition to the instandes 
which Mr- Delaval alleges, respecting ^< the changes of 
colour which animal substances undergo.'' Among these, 
a. j**. he observes, thatf oaw^s milk, boiled up with an 
alkali; changes from white to yellow, orange, and red; 
aod| as usual^ he gratuitously supposes, that, in prdduc- 
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itag these changes, it acts by incfosmtingr^ or coagulating 
the milk; thoQgh if, contrary to all probability, alkalies^ 
were able to do this, we have no reason to conclude 
that such coagulation would rpnder the milk either yel-. 
low, orange, or red, because no such colours appear 
when it rodly is coagulated by acids, &c. as in the 
making of curds and cheese* But surely it camiot be 
necessary for me, seriously to combat such chiineras 
any longer. The common sense and experience of man^ 
kind, if fairly consulted, Mil condemn and revolt at the 
idea of making the colours of bodies depend on H^^ 
weight, or the sizes of their .particles; for it certainly, 
never has been observed, that the .heaviest substances 
were red, or the lightest violet-colqur^d, or that b|[^i^a 
equally heavy were all of the $ame. colour. Different 
parcels of indigo, for instance, vary extreipely. 'as to 
specific gravity, without any variation of colour; a fact 
which is not only at variance with Mr* Delaval's hypo- 
thesis, but which renders it easy to find samples of in« 
digo,.of exactly the same specific gravity as.th^ colour- 
ing matter of cochineal (exhibited tin what is called 
carmine^) which of all colours is the farthesjt removed 
from that of indigo: and if Mr. Delaval. should allege; 
that, though agreeing, in weighty they diiler. as, to the 
sizes of their respective particles, let him correct ; this 
difference by the only m<ans suited to do it, without 
doing more; I mean by sample ;me|:hanicar division, or 
grinding. Let this be employed upOft either of the suly* 
stances in question, whose ps^ticlea.he ina^ suppose 
too large, as long as he shall- think prpper,:and let us 
then see. whether .he can tiber^by reader the colour oi 
indigo red, or that of cochineal blue pr violet* ; * • 
Should what I have said on tl^ subject prove insuf- 
ficient .to convince, anyiop^ of 9iy readers, I only beg 
that he will lolloiv me, with a mipd open to ccmviction^ 
through the various instanc^> .which| for other pur* 
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psoses, I shall have oocaaioB to ^te hereafter; of colours 
produced, or changed by meansi and in ways, thpt are 
wholly irreconciteable to the theory in question, and I 
persuade myself that his doubts and difficulties will be 
effectually removed, so far as they may relate to the 
* truth or (VHacy of Mr, Delaval's hypothesis, of which I 
mean hereafter to be silent, beacaus^ I dislike even the 
.appearance of contention; nor would I have so long de- 
tained my readers on this subject, but from a conviction 
of the truth of what I have written, and of the expedi- 
ency of refuting an hypothesis, incompatible with a 
considerable part of what I am about to offer to the 
public; an hypothesis which the name and authority of 
Sir Isaac Newton had pre-eminently sanctioned; and 
which the learning and talents of Mr* Delaval had ren^ 
dered so plausible, that it is, I believe^ generally con- 
sidered as.true, in this and other countries.^ 

Having shown, that the permanent colours of diffe- 
rent objects do not arise from their densities, or the 
sizes of their particles, it becomes me to state such 
facts and observations, as seem best suited to throw 
light upon this obscure and interesting subject* 

Sir Isaac Newton having found that inflammable sub- 
stances, possessed greater refractive powers than others, 
, in proportion to their densities, says, in his second Book 
of Optics, that ^' it seems rational to attribute the re- 
fiactive . power of all bodies, chiefly, if not wholly, to 
the sulphureous parts with which they abound; for, 
adds^ he, it is probable that all bodies abound more or 
less with sulphurs;" a term by whiqh he intended to 
distinguish inflammable matters generally. And this 
. great man having also concluded, that the perman^qt 
. colours of natural bodies, were analogous tQ th^ cplpui^s 

» 

* Such ftoa* the fact ia 1794, when thi» wan fif?it published. 
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produced by the refractions of thin, ccrfourlesS) transpft^ 
rem plates, tec. chemists were generally induced to 
make all colour depend on the principle of inflamma- 
bility or phlogiston, which was 8u{^sed to exist in all 
metals, and many other substances; and where the total 
Want of inflammability was manifest, they eon/bunded 
ihisj with the matter of heat and of light; to which they 
escrit>ed the power of pMogisiicatmg other subatancetf, 
and of thereby producing or changing their colours: k 
species of confusion suited only to cover and perpetuate 
Ignorance; since every single colour is found to belong 
both to combustible and incombustible substances, and 
to neither exclusively. The combustible diamond, which 
Sir Isaac Newton conjectured to be ** an unctuous sub^ 
stance coagulated," is found to be of almost all thb 
tiiSbrent colours; whilst other gems, though of similar 
colours, are all incombustible. Combustible indigo, and 
incombustible smalt, are both blue; combustible ver- 
milion and incombustible minium are both red; com- 
bustible gamboge is yellow, and so are certain income 
buBtible oxides of lead, iron, and mercury. But since 
the exbtence of phlc^ston in metals. Sec. has been de- 
nied by the pneumatic chemists, they have in most 
cases, attributed the Origin and changes of colours, tt) 
the apptication or combination of difl^rent airs or gases, 
and particularly oxygene in different proportions; and 
it has been supposed that these gases possessed con- 
aidevable refractive powers, and were thereby ena- 
bled to produce effects on colours, like those which 
the followers of Stahl had imputed to phlogiston: and 
M. BerthoUet, in his recent work on the Elements of 
Dyeing, intimates, that '* many important observations 
8tUl remain for those who would kUkom the steps df 
that great man, (Sir Isaac Newton), and compare the 
refreu^ing powers (^ the di&rent gaacsi and other sub- 
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ftabces, tbe constituent principles of which are now 
known."* 

• Though it be true that the prisma and other transparent 
colourless substances, in different forms, show us the 
different colours of the several rays of light, by sepa* 
ratirtg them from each other, in consequence of their 
greater or lesser refrangibility, or disposition to be 
^ turned out of their way, in passing out of one trans- 
parent body or medium into another,'' (which may de* 
pend upon differences in their sizes, densities, or velo* 
cities,) yet the permanent colours of different bodies, or 
substances, are noty as I believe, produced by mere re^ 

< 

* Ten years after my first edition of this volume was published, 
M. Berthollet (asusted by his son, lately deceased, and too soon 
ftr the interests of science) favoured the public with an improved 
edition of the Elemens de Teinture^ in which (at page 33, of the 
first volume) he intimates, that it was his intention, by tbe words 
just quoted, to express some doubt of the correctness of this part 
of Six Isaac Newton's doctrine; and he adds, <<depuis lors Bancroft 
Idi a oppose un grand nombre de faits. Nous nous servirons de ses 
' differentes bbsdrvatlons, dans la discussion que nous n'allons entre* 
prendre, que dans la vue d'appeler sur cet objet interessant, I'at- 
tention de ceux qui peuvent suivre les traces de J^ewton** He 
then proceeds through nearly twenty pages to repeat the facts and 
arguments wbich I had employed on this subject, and to adduce 
other fiicts and arguments in their support, from all which he con* 
eludes, nearly as I had done, <^ qu'il ne faut point confbndre let 
couleurs fugitives qui sont produites par la reflexion des lameSf 
et qui siiivent 1^'s loix determin6es par Newton, avec les couleurs 
qui se conservent malgr^ les change mens de density et d*6pai8- 
seur. Celles-ci noUs paraissent tenir a des propri6t6s, ou l'affinit6 
pardculiere pour les diff^rents rayons de la lumiere, a une influ- 
ence qui resiste a celle des dimensions et de la densit^; si nous 
ezaminons les fails, nous apercevons que Toxig^e condense exeroe 
nn grand pouvoir dans cette esp6ce d'affinit^: une proportion un 
pen plus on ikh peu moios grande, qui aflfecte d*une maniere insen* 
sible la peaanteur sp^cifique des oxides miitalUques, y produit d« 
grands changements de couleurs," &c. ^ 

Vol. I. D 
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fi^a€tifm^ and Sir Isaac Newton orast have been miskd 
by analogy when he extended his discoveries and con- 
clusions respecting the transient coloim respiting from 
tbe refractions of light, by pellucid colourless substaacMi 
to the permanent colours of various kinds of mattery 
since the latter evidently depend on other propertVBS» 
which determine^ or occasion the reflection, or traismia^ 
skm of some particular sort or . sorts of rays, and an 
absorption or disappearance of the nest; and these I con-* 
eeive to be certain affimtiesy or elective attraciiane^ ex* 
isting in or between the differently coloured matters 
and the particular sorts or rays, of light sa- absorbed or 
made latent; and of which many instances and proofs 
will, I think, be found in the subsequent parts of this 
work* 

Next after the diamond and amber, we find that spirit 
of turpentine, linseed oil, olive oil, camphor and alco* 
hoi, or rectified spirit of wine, possess greater refracting 
powers, in prc^ortion to their respective densities, than 
any of the other substances contained in Sir Isaac New^ 
ton^s table, and yet they are all permanently destitute of 
colour; a fiict which does not seem to indicate any con« 
nexion between the refitictive power of a substance apd 
its natural permofkent colour. Nothing secjOM to act sq 
powerfully and extensively in producing ami changing 
those affinities, or elective attractions, from which the 
{)ermanent colours <^ different substances arise^ as pure 
vital air» or its basis» the oxygeue; which, indeed, seems 
to owe its ebstic, or aerial form» to a portion of light 
as well as heat. Scheele demonstrated that gdd, silver, 
8cc. were revived from their oxides by the contact of 
light; and M. BerthoUet has proved, that, in producing 
this effect, the light occasions a separation of oxygens, 
in the form of. pure vital air. Light also separatea oxy^ 



^ 



%ene from various other substances, to which it would 
odierwtse remain united, under great degrees of l)e«t» 

We are at this time well acquainted with the con* 
«tituent parts of die acid of nitt«: it undeniably considti 
of nttrogene or aisote, rendercfd acid by its combiMckn 
^ith ^ certain portion of oxygene, or the basis of vicaft 
air; When these are combined in a certain proportioiif, 
the acid or compound is colourless, as we see it in aquft 
fortis, or nitric acid: but if this colourlees acid, in a 
transparent glass vessel, pmthf JUkd^^kt exposed to die 
Tays of the sun, or the light of a fii«, tfn alteration wiK 
<iake place in the propoiticm of its iiig)tfdients$ since the 
i^bt will combine with a part of the oxygene, and cause 
It to become elastic and fly oiT^ and the nittogene %Mfl 
consequently predominate in the remainder; which, be* 
ceding nitrbus acid^ merely in consequence of this pre- 
dominance, will assume first a yellow, then an omnge, 
and afterwards a high vivid aurom, and even a red 
colour, intensely affecting the right. Bat if the gbss 
vessel containing the c(4ouit€M niu)c acM^ were e^rnih 
pletely JUled widi it, and closely stopped, no sueh change 
of colour would take place by any degree of exposure 
to the sun's rays or other light; because, in this case, 
there would be no sufficient space or room to allow of 
a separation and escape of the oxygene. When mfro«6 
acid has been made to assume the colouts befomnen- 
tioned, if die glass ve^tsel eontaining it be hervneticaliy 
sealed and kept for some time in the dark, the oxygene 
by losing its light, wiU lose its elasticity; and being 
again re-absorbed by the nitrous acid, &e latter will 
become colouriess, as before. Mr. Keir mentioM 4m 
orange-coloured nitrous acid, which, by long keeping, 
became grfeen, and afterwards of a deep blue; and Berg- 
man says, that tf, to a concentrated red nitrous acid, 
one-fourth part of the quantity or measure of water be 
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addod, the colour will be changed to a fine giten; antf 
to a Uue, by the addition of an equal measure of watert 
and that double its quan&y of water wiU destroy the- 
ookMir. Here then we have an example of all the various 
colours produced by the two species of air which almost 
exclusively compose our atmosphere, when deprived of 
their elasticity, and mixed in particular proportions with 
more or less dilution by water. 
. In the same manner, colourless nitric acid, when ap- 
plied to wool, silk, fur, or the shins of animals, their 
naHs) horns, &c«, renders them all not only yellow, but 
orange, and even aurora-coloured. M. Berthpllet thinks, 
these changes are produced by a kind of combusticMtH 
but I am persuaded they are the result of a combination 
4£ the os:ygene with the nitrogene, which he has proved 
to be a constituent part of all animal substances; these 
changes being exactly similar both in their nature and 
origin, to the changes of colour produced as before 
.mentioned in the nitrous acid. Were these colours the 
effect of combustion, why are they not likewise pro^ 
duced in the same manner upon linens* and cottons^ 
which are without niirogene, but contain a great por- 
tion of the basis of Charcot, and ought therefore to be 
snore liable to be acted upon in the way of combustion, 
thiin animal substances? 

Long before the properties of the several kinds erf* air 
were known, many changes of colour had been noticed 
as produced by the application or action of light; and 
indeed its effects are so remarkable, in many cases, that 
no one can doubt of its powerful agiency in these and 
other reapecta.* . The principal thing to be ascertained 

* Light not only contributes most eflBcacioutly to the production 
ftf tom^e colotvB «knd the deairuction of others, but it |:reatl7 weakens 
the texture ^nd fibres of 8ilk» lioeii) cotton, &c. when they are long 



oa this point is, whether the colours which accompany^ 
pr require the a|^>lication of light, result in each parti^ 
cular instance directly from a combination of it with the 
jcolouredsubstance^or indirectly from its particular actimi 
in occasioning either a separatio^of oxygene, ora coni>- 
lunation thereof with the coloured matter? Mv Senne^ 
bier at^ibutes the e&cts of light upon, colouring mat* 
tcrs, to a direet combination of the ibcmer,. with the 
btter;^ but of thi»t though it may be true, he has not 
alleged any sufficient eyidence, so fiir as I am capable 
of judging; and there are many &cts which prove th^ 
the sun^s beas^, in some cases, favour the action of 
pxygene upon, and its combinaitiog with, colouring 
matters; whilst in aiher casess it manifestly produces 
fippmie eficcts upon these matters, by decomposing or 
separaiiRg some of their constituent parts, and espe- 
cially the oxygene previously united to them: and pro- 
bably these are the only ways in which it affects colours; 
it being doubtful whether light ever unites itself so 
permanently to any matter as it must do, to produce 
the tasting colours given by dyeii^« 

From the experiments of Beccari, Meyer, Schulz, 
Scheele, and Sennebier, it appears that muriate of silver 
(homed silver), which is nearly of a pearl white, changes 
to a videt colour, and from thence to a black, in the 
space of a very few minutes, when exposed to the sun's 
.rays in a transparent g^ss; and this change Sennebier 
ascribes soldy to the action of light; since, as he main- 
tains, the muriate of silver will invariably retain its 
whiteness, though exposed either to heat or cold, and 
in a moist or a dry air^ or in vacuOj if secured from the 



exposed to the direct actum of the sohir rays; as nay be seen in 
window curtains, blinds, &c. which, from that cause only, will, in a 
£bw years, tear as readily as brown paper. 

• See << Mem. Physico^bimiques sur Tlnfluence de la Lumiere 
Solaire/' &c« torn. il. and iii. 
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€icce$ri6n <X light, atid of wlvat he calls phlogi^tc ra- 
pouns "(probably sulphuretted hydrogenotis gas), and 
that iit 'loses its whkeness only by the application of 
light, and then only in proportion to its quantity or ili*- 
ifen^ity; to that vfistn the sun^s rays are copiously a]^- 
plied by a lens^ the muriate of silver is rendered violet 
coloured in a slnglcf second. By covering the muriate 
^f silver wlA four thicknesses cX wMte paper, its white-- 
ness was preserved; one, two, and three thicknessea 
tetarded, but did not prevent its finally becoming violet 
and black. Mr. Sennebier found that die different raya 
of light, undet* the same circumstances, coloured the 
'muriate of silver with difierent degrees of cdcrity; k e. 
the violet rays in 15 seconds, ^e purple in ^ setnmds, 
the blue in 29, the green in 37, the yellow in 5 minuted 
and SO seconds, the orange in 12 minutes ^ and the red 
in 20; but the rays of the three last colours would not, 
as he relates, produce such a dark violet colour in any 
length of time, as was thus quickly produeed by the 
more refrangible rays.* I have also witnessed some <rf 
these, and other changes of colour, taking place in mu^ 
riated or homed silver, which manifestly tefsult from an 
incipient reduction or revival of the metal, and with it 
a production of the dark colours which silver alwaya 
manifests in that state; and in confirmation of this, I 
need only mention what I have several times observed, 
that though muriated silver, placed at the bottom of a 
colourless glass vessel, nearly fiHed with water, wafc 
made violet coloured in about two minutes, by thfc 
weak light of a room, having a single window only, and 

* These facts which formerly appeared unaccountable and ex- 
traordkiavy) may now be readily esplaiDed tiy . those whidi Mt • 
HertcheU subsequently discovered and {Hiblished (L e. in ItOO) 
respecting the composition of the suo's beamsi and the very diffe- 
rent powers of their several constftuent rays. 



iD.a elimdjr day; yet adired i|4)ticatkMi of the aia's rays 
for many days produced no change of colour, when the 
morkled ^y'er was covowd with muriade acid inalead of 
water; a reviral of the sibdr not taking place, whilst so 
uriidi unooinbiiied nuuliatie acid remained in coniad 
Mth it^ ... 

A aohition of silver in Ihe nitric aeid likewise changes 
eoloor by the action of HghC, and becomes black thereby ^^ 
as well as by the application of infianimabie substances, 
of calcareous earth, and erery thing which aeparates 8 
safficient portion of the oxygene. It also giyes the skin 
a blade cokmr, which cannot be eflhced, ibut by a re-. 
OKMrid or change of the skin itself: it tinges the hair^ 
Bfliis, and other animal substances, in like manner, be- 
cause ihcy occasion a.separation of so much of4he o^y« 
gene as is nepessary fqr tfaaft purpose* 

Mercury dissolved ia nitric acid, being i^nsfaed with 
water, aSbrda a yellow oxide, which> when exposed td 
thc.Mght in a transparent oolotirks&'.glas»iressel,:witt 
become black on the side to.vrhich. t^ Jigfat is appUetfy 
even, where the. Vessel is filled ivith w^r; because the 
Ugfat extricates a part of thcoaygene; tiiis yellow oxide 
being a preparation of .merqury, with .but a very small 
proportion b£ iacid* The red precipioftet aiid several 
other preparationsbf mercury, have thek colours ch^ogecl 
eten under water^ by similar, m/eans. The white or oo^ 
kmrleas solutiotDof mercury, by the nitric, acad, when 
applied to dniival anid in^mmable substanteSi ^aioffA 
them {mrpte and black, in the same way, and fixiqi tho 
aame,cause, as: they are tinged by the solution of silver/ 
Similar effects happen with the solution and oxide of 
bismuth, which laU is tlierafbre used* to bladcte hair 
miictt mixed wiffa {loiiistom. Almost all tbe other miu 
tals afford instances of changes of cotour more or less 
remarkable^ depemUng both upon the accieesioii'and the 
separation of oxygene; and in many of these light has a 
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considcraUe-influrace in ptomoAng-ooc or odier cC tfaeK 
e&cts* 

IniA the instances lately mentioned, blackness was 
produced by a separation of vital air from the metalUc 
basis; but there are others in which it results from the 
addition or accession thereof. Arsenic, as Mr. Chaptal 
mentions, when first sutdimed, is of a shining grey, ot 
steel. colour,. but blackens speedily by exposure to the 
air (*^ noircit pron^tement a Pair;") wd he likewise ob» 
serves, that ^^ manganese, precipitated by an alkali fiioia 
its solution, was found to be a whitish gelatinous sub* 
stance, which . socm changed ccdour, and . became bbcty 
by the contact of air; that,.liaving been a witness o€ 
this phenomenon, iie could only attribute it to the ab» 
sorption of oxygenous gas, and found this to be the 
case, by shaking the white precipitate in glasses filled 
with that gas, by which the black odour manifested 
itself in one or two minutes, and a considerable pact of 
the gbs was found to have been absorbed." El^mens 
de Chtmie, tom. iL p. 360. 

The preceding instances relate to mineral and inor* 
ganical substances; there are many, however, which 
relate to the colours of vegetable and animal .matters. 
Bay, in his Historia Plantarum, printed in 1686, vol. i. 
p. J 5, appears to have discovered, by several experi*- 
ments and observations, that the gi^en- colour of plants 
depended chiefly upon the influence of light: he had 
found that they were green^ whilst vegetating under a 
tran^aarent gl^ss bell exposed to the light, and that 
when growing in obscurity under an opaque vessel, they 
lost their gceen, and acquired a pale whitish yellow; 
tibeir stalks, at the same time, becoming long, slender^ 
and feeble, and their leaves small. And these eflfecte he 
ascribed to the want of light, rather than of either air or 
heat: " Nobis tamen non tarn acr quam lumen, lumSnisve 
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actio colons in fdantarum foliis viridis caussa esse vU 
detur.'' — ** Ad hunc autem colorem inducendum ncm 
requiritur calor/'*Scc» Mr. Boiliiet has since confirmed 
Ray's conclusions upon this subject, and added several 
curious &cts, resulting from a variety of experiments 
related in the fourth and fifth volumes of his works: but 
it is Mr. Sennebier who has done most, and carried his 
inquiries farthest respecting it, as appears by his ** Me- 
moires Physico-Chimiques sur I'Influence de la Lu- 
xniere Solaire," ficc. in 3 vols. 8vo. 

It is now well ascertained, that vegetables, growing 
in the light, give out oxygene gas, (pure vital air;) and 
Dr. Ingenhouz, by a great number of experiments, has 
proved, or conceives himself to have proved, that in the 
dark they give out the carbonic acid gas (fixed air;) 
though this has been doubted by others, and particu- 
larly by Mr. Sennebier, who conceives, that, in these 
cases, it was the pure air vitiated by some disease or 
decomposition of the plant itself: Dr. Ingenhouz, how* 
ever, in his last publication, adheres to his former opi- 
nion, and supports it with new facts and arguments. Be 
this, however, right or wrong, there is no room to doubt 
but that healthy plants, growing in the solar light, de- 
compose both water and carbonic acid gas; and, |k|ipro- 
priating to themselves the hydrogene, or inflammable 
air (which is a constituent part of water), and the car- 
bonaceous matter, or basis of the carbonic acid, with 
perhaps a small portion of the oxygene, they emit the 
rest in the form of vital air, which the light seems to 
separate, by combining with and rendering it elastic, in 
the same manner as it separates the oxygene from the 
calces or oxides of metals, &c. But when plants vege- 
tate in obscurity, no such separation can take place: 
indeed, the water imbibed by the plants seems not to 
be properly decomposed^ unless their living powers be 

Vol. I. E 
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aided by the stimulus of light, and fay its aftnhy for 
the oxygene. There b, therefore, ah accumulation of 
this latter substance, and a want of inflammable ait to 
compose the resinous matter, by which the green co- 
lour of the plant is produced; and this colouring matter 
being very sparingly formed, and at the same time com- 
bined with an excess of oxygene, the plant, instead of 
its natural greenness, exhibits only a white or pale straw 
colour. Mr. Sennebier found that plants, in this state, 
received a deeper green, and in less time, by exposure 
to the violet rays of light, than to those which were less 
refrangible, as was the case in colouring the muriate of 
silver. He also found that plants left to vegetate without 
light, under vessels filled either with nitrogene, or hy- 
drogene, did not lose their green colour, as when sur-* 
rounded by common atmospheric air. In carbonic acid 
gas they soon perished. Dr. Ingenhouz also observed, 
that on mixing a little hydrogene with either the com- 
mon or the vital air in which a plant was growing, un- 
der a transparent glass, the green colour of the plant 
6oon became deeper. In these cases there seems to 
have been an absorption of the hydrogene, afibrding ah 
increase of the resinous colouring matter. 

Mr. Sennebier also found, that the red tinctures of 
orcanette,^ safflower, kermes, gum lac, and cochineal, 
were made yellow by exposure to the sun's rays; and 
the tincture of dragon's blood was thereby deprived of 
nil colour: in these cases the alcoholy or spirits of wine, 
assisted the action of the sun's rays in decomposing the 
several colouring matters, probably by abstracting and 
combining with their oxygene; because it was found 
that the aqueous infusions of orcanette, kermes, and co'- 
chineal, suffered no change by the like exposure; though 

* ^nehuta tinctoria, Lik. 
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indeed the iofusions of safflower^ dragon's bIood| aiKJl 
gum laCf were changed by it; perhaps because they con- 
tain a resinous ma^tter wh^cb might have co-operated 
vith the rays of Ijgbjt, in the same way as the spirit ojf 
wine is supposed to have done. Mr, Sennebler observed^ 
that the petals of damask roses afforded a t^ind of brick 
Qolour to spirits of wme^ when put into it; ^d that this, 
by a few minutes e^cp9sure to ^c common lights be« 
came of a fine violet c(4our; which, however, was soon 
destroyed, by a direct application pf the sun's light, 
unless when a £tw drops of some of the s^opg ^jidf 
iwer? ad4ed; in i^hiiph owe, ^e collar jKrithstood th? 
guu^s rays for seveqd iqpnths. FrQm these inj^ances I 
conclude, that the colour pf rpses <dcp^ds on a certaii) 
proportion of oxygenej that the light, aided by the affi- 
nity of the spirits of wine for o^ygene, produces a sepa- 
ration of it, and destroys ^ Qolour; but that th^se 
effects are obviated, as might be expected, by the ad* 
dition of i^ids containing ^d affording a supply of 
Qxygene. And th^t tihis wa^ tfnc fact, sqenpts evide9t 
from this observation, made by Mr. Sennebier, that 
.when the petals pf the roses^had been rendered white, 
by imparting their colour to the spirit of wine) they 
^^Igained it on beang taken out, and exposed to the air, 
even in % dark pla%; thov&gli they did it niuch quicker 
in the light; but not at all in a vessel containing only 
liitrcgene surroni>ded by quick^yer, even when aide(^ 
by w immediate applicaticm of the sun's iight; .which 
plearly proves, U^t the restitif tion of oxy gene was in- 
dispensably n^ijesi^iy to the ^restitution of their colour. 
In the same way sulphurequs acid whitens roses, by de- 
jHrivipg them of Uieir qxygoie; and the sulphuric acid 
revives the colour, by restoring it.* Mr. Sennebier also 

* The tulphttKoos or volatile idUiolic acid, not being saturated 
with oxjgene, is disposed to attract it Cram other matters in cob* 
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found that the red skins of peaches became ivhke in 
spirits of wine, like the petals of roses, and, like them, 
regained their colour by exposure to the air; as did also 
the red skins of plumbs. He likewise observed, that the 
water-colours used by painters, if covered by a solution 
of fish glue or isinglass, and then varnished, withstood 
the action of the sun's rays much longer than if var- 
nished without the fish-glue; which last seems to have 
prevented the varnish from co-operating with the light 
in extricating the oxygene of the colouring matters, as^ 
from its inflammable nature, it would do, if in imme- 
diate contact with them. Negro children when first bom 
are white, as plants are when they first shoot above the 
earth, though the^ become biaek in a few days, after 
being- exposed to the light, as plants become ^en, and 
probably from the same cause. 

In like manner the hair of such kittens, puppies, &c. 
as are intended by nature to become decidedly black, 
is immediately after birth only of a brownish black; but 
it gradually darkens externally. Though the hair of the 
blackest cats and dogs, will be found, even in old age, 
not to be black at the roots near the skin^ where it is 
most secluded from the light. 

Mr. Sennebier mentions, upon the authority of Scheele, 
thatthe Nereis lacustris, is red whilst living in places 
accessible to the sun's rays, and white when living in 
obscurity; and M. Dorthes asserts, (Ann. de Chimie, 
tom.'ii.) that most of the larva of insects, inhabiting 
the dark cavities of animab, trees, fruit, &c. are white; 
and that having forced a variety of them to live under 
transparent glasses, exposed to the light, they gradually 
became brown. But the most decisive and interestit^ 

tact with it; and by so doing* it not only whitens roses, but silk, 
wool, and other substances, rendered yellow by being united to a 
certain portion of oxygene. 
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proof of the action of light, in producing various colours 
by promoting a separation of oxygene from animal co- 
louring matter, wiU be found by the effects which I shall 
notice hereafter, when treating of the celebrated purple 
€>fihe ancients. 

The preceding are examples of animal and vegetable 
cokmrs produced, changed, or destroyed, either by the 
action, or the want of light, exerted in separatmg their 
oxygene. In many other cases, however, the aflinity of 
light is very difierently exerted, upon colouring matters, 
by promoting a combination of oxygene with them. 

The green colour of the leaves of plants resides in a 
xesinoua substance, which bekig dissolved and extract* 
ed by spirit of wine, produces a green tincture; and Mn 
Sennebier having exposed this to the rays of the sun, 
in a clear transparent glass, but half filled, he founds 
upon repeated triab, that the colour was generally des- 
troyed in about twenty minutes, and a yellowish sub- 
stance was precipitated to the bottom; which seems to 
have been the ccdouring matter saturated with oxygene: 
but when the glass was completely filled mth the green 
tincture, and closely stopped, he found, that the strongest 
action of the sun's rays upon it, during four months, 
did not. weaken in any degree, the green colour, because 
all oxygene was excluded, and the rays of light, with- 
out it, were unable to effect any change. When nitro- 
gene was indosed in a vessel partly filled with this green 
tincture, the latter suflfered little or no change, by long 
exposure to the direct action of the sun's light; but if, 
instead of this, he substituted pure vital air, the green 
colour was most rapidly destroyed. Mr. Sennebier also 
found, that the dark red juice of black cherries very 
soon lost its colour, when exposed to the sun's rays, 
but that a tincture of those cherries in spirit of wiue, 
preserved its colour in the same circumstances; the 
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spirit of wine, as I coDceire, a&ndiiig a covering and 
defence to the cotoimng matter of the cherriesi againat 
the action and farther combination of o^ygene or vital 
air. Herf the efifect was directly opposke to that with 
roses, lately mentioned. M. Fabroni has also aaaefted^ 
(Ann. de Chimie, torn, xxv.) that the fresh juioe of the 
aloe succotrina angusti folia, by mere exposure te the 
atmo8{>here, either with or widiout the contact of light, 
soon became red; first, fd the parts most accessible to 
the air, and afterwards in other parts, and that it finally 
became of a very dark, but very lively purple: and he 
convinced himself that this change reralted exqloaively 
from an absorption and combination.of oxygene* These 
are many other instances of changes of colour by an ab^ 
sorption of oxygene, with or without ihe assistance of 
light; and in particular twp experiments made by M. 
BerthoUet. In the first, he *' inverted, over mercury, a 
bottle half full of the green solution (employed by Mr. 
Sennebier,) and exposed it to the light of die sun; and 
when the coloiu* was discharged, the mercury was found 
to have risen in the bottle^ and consequemly vital air 
must have been absorbed; the oxygene having united 
with the coloui:ing matter." In the second experiment, 
he ^^ placed a tincture of tumsol, in contact with vital 
air, over mercury, in the dark, and he also exposed a 
similar tincture to the light of the sim; the farmer <:on« 
tinued unchanged for a considerable length of time, and 
the vital air had su&red no diminution; but the latter 
bad lost much of its colour, was become red, and the 
air was in a great measure absorbed," fix. 

M. Fourcroy has ai^o demonstrated, (see Ann. de 
Chimie, torn, v.) that a variety of colouring matters, 
extracted by water, and left exposed to the air, combin- 
ed with its oxygene, and thereby not only assumed new 
colours, but became much more fixed and permanent 
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winch happens Iftewiae in the production of indigo, as 
will be proved hereafter. 

1 have now noticed the principal facts respecting the 
powerful agencies of sokr light, in producing, changing, 
and destroying mineral, vegetable, and animal colours; 
Which agencies as far as we know, or can judge, seem 
to be principally, if not exclusively, exerted, in promot* 
ing, under particuhr circumstances, and with particular 
coloured, or colouring, matters, an attraction or diminU' 
iion of their oxygene; and with other matters and other 
circumstances, in causing a new or additional combina* 
iion of it. 

These cppo^ite effects, may be now explained in con« 
sequence of recent discoveries respecting the sun*s 
beams* Newton taught us, that when the rays of which 
diey consist are transmitted through a triangular prism, 
and received upon white* paper, those most dutinctiy 
pereeptiUe^ are the red, Grange, yellow, green, blue, in* 
digo, and violet; and that if the coloured image or spect*- 
nim be divided into 560 paats, the red will occupy 45 
of these parts, ^ orange 27, the yellow 48, the green 
60, the blue 60, the indigo 40, and the violet 80; and 
that the red are refracted the least; the videt the most; 
and the other rays inversely in the order in which they 
have been airanged, and he supposed them to vary in 
the size of didr particles, according to this order; those 
of the violet being the smallest It has, however^ been 
recently ascertained by Dr. Herschell, (see Fhilosoph* 
Transactions for 1800^ p. 267.) and by the experiments 
of Sir H. Englefield and others, that the solar beams 
comprehmd three sorts of rays; \\^. one which ^xcita 
heat and promote oxidation, or the combination of oxy* 
gene with diferent matters; another which illuminate} 
and a third which d!roxidize, or cause the separation of 
oxygene. He found the yellow, and the ^ale green rays^ 
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to possess the greatest power of illuminating, and the 
violet the least; and the red rays to possess the greatest 
power of heating, and the violet the least. Bqt beyond 
the red rays, there are certain invtsiUe heating rays, 
which raise the thermometer higher than even the red 
rays. Moreover, at the other extremity, a little beyond 
the violet rays, not only the thermometer is not affected^ 
but there are there^ certain other invisible rays^ which 
produce, very efficaciously, particular chemical effects; 
one of which is that of changing from wldie to black, 
the colour of a precipitate of the muriate of the silver just 
made. Thid is, indeed, done most rapidly, by the ro/- 
leeted rays of the sun's beams, but the separate rays do 
it with greater energy, in proportion as they are nearest 
to the invisible rays, at the violet extremity. Sir H» 
Davy also states, that ^^ if moist homed silver, (muriate 
of silver) be exposed to the different rays of the prisma- 
tic spectrum, it will be found that no effect is produced 
upon it by the least refrangible rays, which occasion the 
greatest heat, without light; a dight discolouration only, 
will be occasioned by the red rays; the efiect of black-^ 
eningf will be greatest towards the violet part of the 
spectrum; and in a space beyond the violet, where there 
is no sensible heat or light, the chemical eflfect will be 
very distinct." ^* This observation, (he adds) made by 
M. Ritter and Dr. Wollaston, proves that there are rays 
more refrangible than the rays producing light and heat; 
and from the observations of M. BerthoUet, it appears 
that muriatic acid gas is formed, when horn silver is 
blackened by light, so that they may be called hydroge- 
nating rays," p. 21 1. Sir H. Davy farther observes, in 
the next page, that he ** found that the puce (or Flea) 
coloured oxide of lead when moistened, gradually gain- 
ed a tint of red in the least refrangible rays, and at last 
became black, but was not affected in the most reiran- 
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^iUe rays; and the same change was produced, by ex- 
posing it to a current of hydrogene gas. The oxide of 
mercuiy procured by a solution of potassa and calomel, 
exposed lo the spectrumi was not changed in the most 
Tcfrangible rays, but became red in the least refrangible 
nys, which must have depended upon its absorbing 
oxygene.'' 

Dr. WoUaston found that the substance called gum* 
gudaoum, when exposed in tfie most refrangible rays, 
beyond the'videt extremity, was changed from its 
yellowish odour to green; and that it was again made 
yellow, by the least refinan^ble rays. One of which ef* 
fects must have resulted fit>m a separation, and the other 
from an absorption of oxygene. 

The oxygenating' power of the solar rays is, however, 
that which M, Berthdlet seems exclusively, and as I 
think erroneously, to insist upon^ as occasioning, either 
with or widiout the aid of light, all the changes and in- 
juries to which ammal and vegetable colouring matters 
are liable; and he deems the action and effects of oxy- 
gene in these cases to be similar to those of combustion.* 
«< In considering the effects of air on colours (says he,) 
it is necessary to make a distinction between those pro- 
duced by metallic oxides, and those produced by the 
colouring particles," meaning those of an animal or a 
vegetable nature; the modifications of the former are, 
says he, '^entirely owing to different proportions of 
oxygene;" but I luive been led by observation, he adds, 
^* to form a different opinion of the latter;" meaning 
those widi which the oxy-muriatic acid had exhibited 

* ** Get efibt doit toe coDsid6r6 comme uae vSritable combtution. 
Par li, le charboo qui entre dans la compositioD dea partiea colo- 
rantes, devieat predominant, et la couleur passe ordinairement 
au jaune, au &uve, au brun; ou cette degradation en s*alliant avec 
ce qui reate de la premiere couleur, produit d'autrea apparences." 

Vol- L F 
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differentphenomena, »oinetimes disch4iig;u)g their ^fC^Qur, 
and producing whiteness, but n^Qst frf ^u^^tly i[^nderiiig 
thepa yellow, fawn, or root-cdoHrcd) 9C brpwQ or bbck* 
apcprding (o the intensity of it$ 9f^io«; aii4 b^ vcmv^' 
that he h^d founds by opmp^mon, ^ yvhra the colowi* 
ing. particles were ren(^f«d yeUew^ fitwo-wh^redf i^ 
brown, by the oxy-muriatic acid, effects were produced 
similar to tho^ of cofQtHwicmi w4 ^t tbfy. y^^ 
*' owing to tlie dMtrw^t}|9fi qf tbi^ feydrfig^iMsi w^mb,, n» 
it combines with o^gen^ nioff «i9i|y» and ft a low^r 
temperature than ch^pq^l does, laay^s the letter predth 
mimfntf so (haf the iut(t4xu( c^Umr ^ohstreoed isi more or 

}^w bl«ff4ed vitb tfeat w^M^ be^re ^^irtcdi"* ai^ ai 

* M.C9Mt. I^Ti^wr^ QertkoUc^t) and. other pociunalic cbenustsi 
^ave considered the black colour of charcoal as naturuUy exis^tiog 
hi the vegetable matter from which it is fon^edf and not a^ the 
restik or effect of eombustien. To tne, howcTer> charcoal aeems to 
he a kWl of Tsgttabb o^aide^ ooiiaiating of the carbonaceotta baaifl^ 
miM 19 a CQiipM F9rMoi| o( ^n^m^ ^vm^ t9 r^Q^r thia baaia 
black (as it occasioaa th^ b^M^knissa. of manganese^ but not enougb 
to saturate and convert it into carbonic acid g;as. Hard woods con- 
tain so great a portion of the basis of charcoal, that if it really exist* 
ed therein* with its black eolour, previous to cmibuationy it ia ink- 
poaaibia ^t conosire how thnj ahauU txor apfiear wluie» jkUdv, 
1^ &c^ since in 4]|fing» kc|. «|fk 9fid» that laf ing oth^^r colouft upcai 
% bh^ck gNttn4a increases tji^ btackneas^ Nekhec do I tl>M»k that 
this blackness is the only circumstance in. which charcpa) diflers 
from its basis, or the state in which the vegetable part thereof ex- 
isted previoiia to <onihus^B«* onthe coRtraryiita oxidatiosi or com- 
binataoa with oxygeala^ mamftatif gvraa il neiw lanA very itmarka^ 
Wp properties. Th^ baaia^ i)|f indoo<i^ nayec-coatertcdintecharf^oal, 
Vut by such a degree of heai» and in suph cirounMtan.oes* a^ nxust 
necessarily occasion its combination with oxygene; and when this 
conversion ia made, the charcoal is rendered infinitely more indes- 
tructible than any other vegetable matter, as it will resist the com- 
bined action of sun, air, motHture, 8cc. for hundreds of yean; and 
indeed it can hardly be destroyed, but by such fiiPther combustion 
and combination with oxygene, as wlU change it into carbonic acid 
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•*the light of the sun considerably accetefates the de- 
stnictioh of tolours,** he tontludes that It tught, if hi* 

^^ This ifiito8trttcdbUlt)r« br itaMttcjf^ M Well ts iht biiuk t^huf^ 
mS ekw^Mf tbbr»fefc trilMifetUy rMMIt fi*ttm the «dmbifwtbA of 
OSJgtoe with ita basis. Did it really cxiatf vnih i/« A/aci colour natu^ 
raUy in wood and other vegetablesy why do we not find it remain- 
ing intire after the other parts of vegetabtcs ai*e separated or de« 
ttfoyed by fermentation, putrefactkm-, kc.f And i^hy doles it d6cay 
and loi with tlieai "uniUUnisviMhkl^ OMitiiry to wlmt hl^ppent wfMii 
k ooQurs aopftrately, io \ikt ferm of charceikl? Atid whyi Wh«n it bos 
assumed chis form^ will it not recombine with matters similar to 
those which were separated from it, and enter with them into fer* 
tnentati6n, fcc. as It sUrely 6Ught tt) do, if it had dcquii^ed no neW 
property, and Ortly b^^ k^ ih a dlstihot ferni) by the simple ab- 
•irmcHm of th^ao ttiaAtera. 

The preceding observations respecting tharcoal, were first print- 
ed in the year 1793. It did not then accord with my purpose, to 
enter upon a minute examination of the several constituent parts 
of charcotd; I wished tmty t6 eotivitite my readers that it was ntit a 
HmfiU sttbAtMite, nniUftUtlf Ibrmed, feilid exiating ^ith ita Unck co* 
kmr Ml vegetable naotteriiood that when dyed ooleura faded, and 
became brown or dark ooloured, by expoauro to the sun and air} 
this change did not happen, as M. Berthollet had conceived, beoauae 
the sut>posed naturalty bldck colour ot the charcoal, contained in the 
regetabte dytt, was rendered irfAfWr, ami firedondnant^ by a separa- 
Hon ttf ilie otheY mattora, iM^h had bien in timoA witk i!, (<^do 
aone que kl <ioUleiir fir^rt au ithirboiH ae mole pbta on moina, » 
eette qui pr6existait." Berthollet, torn. t. p. 1S3). To produce this 
conviction, I thought it only necessary that my readers should, 
Itrithout bias, exercise their senses and understandings. Since that 
^e, the mtttsre and tomposittbn 6f charcoal have been nearly as- 
odrtaiDOd; but I ttsinfc I tnay ^Itim thtf fnerll of hiving first oeoasi** 
dOed a dieirtkit of the doclrido of M* LoTcnsier on this aobjectf and 
thereby promoted the subsequent experiments and inquiries. 

Dr. Thompson, one of our best systematic chemical writers, 
makes the following observation in the first volume of his system 
df chemistry, Vit. •< Lavoisier supposed pure charcoal to be a nmfiie 
stibstance, and fbr thslt nsilson iht^nted the t^rm car1x>n to distin- 
guish It. But other' phHosophers ^^re of opiniot^ that charcoal is a 
compound body, and (hat it is composed of carbon and oxy^ene. 
The truth of this opinion, ftfhichy aa far as I knowj vms first main^ 
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theoiy be well founded, ^^ to iavour the combination of 
oxygene, and the combustion thereby produced."^^ 

In thus ascribing the decays of vegetable and animal 
colouring matters ^m^d7y, to effects or changes simBar 
to those of c0mlnistion^ M. BerthoUet has, I think, gone 
fiurther than is warrantable by facts. It cannot, I am 
persuaded, be his intention tiiat we should apply the 
term of combustion to alterations which result from a 
simple addition of oxygene to colouring matters, witii* 
out any destruction or decompositibn of their constituent 
parts; though a great many of the alterations and extinc- 
tions of these colours evidently arise only from such 
«mple additions. The nitric, sulphuric, and other acids 
containing oxygene, have the power not only of weak- 
ening, but of rendering latent for a time, the colours of 
many tingent matters; not however by any effect which 
can properly be denominated a combustion, but rather 
by a change in their several affinities or attractions, for 
partktdar rays of light in preference to other rays; but 
none of their parts being destroyed, or carried away, the 
addition of an alkali, or of a calcareous carbonate^ will 
generally undo such alteration, and restore the original 
colour, by decomposing and neutralizing the acid or 
oxygene which had caused the alteration. Of this nume- 

2 pus instances might be given; it will however be suf« 
cient to mention, what most people have seen, that 
ink, dropped into a glass of diluted nitric, or vitriolic 
acid, will lose its colour, and that it may be again re- 
stored by adding a suitable portion of vegetable or fossil 
alkali; and that this may be done several times with the 

iained by Dr, Bancrofts has been lately established by the experi- 
ments of M. Guyton Morveau/* To these have been more recently- 
added, the accurate researches of Messrs. Allen and Pepys. 
* Ele^ients of the Art of Dyeing, chap. iii. ' 
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same ink, and therefore the change, or losa of colour, 
could not have been the e&ct of combustion. The. pro** 
duction and existence of each particular colour, depends 
upon precise, and often very minute proportions of the 
constituent parts of the colouring matter, and it may, 
therefore, be changed, and in many cases even destroy^ 
ed, by every thing capable oialiering these precise pro- 
peTtHom; and as this may be done by very opposite 
causes, we are not warranted in ascribing the decays of 
colours generalb/ to combustion only, or indeed to any 
one cause exclusively. Many colours are as much iiv* 
jured by muriatic acid, as by the sulphuric or nitric: 
and as thp former is now generally admitted to contain 
no oxygene^ Gt to contain it so inseparably combined^ that 
no combustion can take place by means thereof, we 
must necessarily infer, that the effects of the muriatic 
acid, are not occasioned by combustion, which muriatic 
acid does no^ produce. 

Mr. Sennebier exposed a great variety of woods to 
the action of the sun and air, and found all their colours 
very soon affected. The white woods were generally 
made brown, and the red and violet changed either to 
yellow or black. Qumacum was rendered green; the oak 
and the cedar were whitened^ as were the brown woods 
genendly; several of these effects, and especially the 
whitening, do not resemble those of combustion, any 
more than the bleaching of wax andtalloWy by exposure 
to atmospheric air. 

The cdour of each particular substance results from its 
peculiar constitution, producing in it a particular affinity 
or attraction for certain rays of light, and a disposition 
to reflect or transmit certain other rays; and in this re- 
spect it may doubtless suffer very considerable changes, 
without any effects similar to those of combustion. And 
indeed the changes of colour which arise from the ac« 
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cess of Tital or atmospheric air, seldom resemble Aose 
which the mere predominence of blackness(the supposed 
natural colour of charcoal) would produce; though this 
may have been the case with the colouring matter of 
brown or unbleached linen, upon which M. BerthoUet's 
experiments were principally made. 

But whether the action of vital air, or its basis, in 
promoting "the decays of a few particular colours, ought 
to be denominated a combustion or not, I am confident 
that, at least, some others are liable to be impaired, not 
so much by an accession of oxygene^ as by the loss of xti 
an effect, of which I have already enumerated several 
examples, among animal and vegetable, as well as 
mineral substances, deriving their colours from a com- 
bination with certain portions of oxygene; and of these 
I might easily augment the number. 

Hook and Lower long since noticed the difference of 
colour in arterial and venal blood; and it has been since 
proved, by numerous experiments, that the fine vermi- 
lion colour of the former, is produced solely by vital 
air, which it is capable of acquiring even through blad- 
ders, the coats of blood-vessels, &c. And very recently, 
Mr. Hassenfratz seems to have proved (see Ann. de 
Chimie, tom. ix.), that as this fine red colour is gained 
by a dissolution of oxygene in the arterial blood, so it 
is lost, and the dark colour of the venal blood restored, 
by a separation of the oxygene. 

That the blue colour of indigo absolutely depends 
upon a certain portion of oxygene, has been already 
mentioned, and I shall hereafter give some curious il- 
lustrations of this fact, from which it will appear that a 
solution of indigo, by losing its oxygene, may be ren- 
dered as pellucid, and, excepting a very slight straw* 
coloured tinge, as colourless as water, and that it wilf 
afterwards speedily return, through all the shades of 
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yellow and green, to its original deep blue, only by ex* 
posure to atmospheric or vital air. Similar to this is the 
fact loi^ since observed by the Abbe NoUet, of the 
tincture of archil (orchclla) employed to colour the spirit 
of wine used in thermometers, which after some time 
loses its purple colour, but soon recovers it again upon 
being exposed to atmospheric air. And this als* happens 
to the infusion of turnsol, and to syrup of violets, which 
both lose their colours when secluded from air, and re-* 
gain them when placed in contact with it,* Many other 
examples of the like'efiecta might be mentioned here; 
but to avoid repetitions, I beg leave to refer my readera 
to subsequent parts of this work, in which I shall havq 
occasion to instance various animal and vegetable co-i 
lours, produced solely by the contact of vital or atmos- 
pheric air; and some others, which, when given by dye^ 
ing or calico printing to wool, silk, cotton, &c. though 
unable to sustain a sii^Ie day's exposure to the sun and 
air without manifest injury, were found to receive nonq 
from the action of acids of considerable strength, but, 
on the contrary, were in some degree preserved by being 
wetted with them^ and especially with the citric acid« 
But the same coloursi^ if covered with linseed oil, were 
ibund to decay more quickly from exposure to the sun^ 
and air^ than iC uncovered. These colours therefore 
could not owe their decays to the contact or combina* 
tion of oxygene, because they were not only unhurt^ 
but benefited by its agency in the citric,, wd other acids 
containing it; aiyl also because they were soonest im« 
paired when sechiided from it by a covering of linseed 
<Mil. Pro|»bly the decay of these colours was occasioned 

* Oxygene is also absolutely necessary to produce the blue colour 
oC Prussian blue, and the black colour of ink. These facts are too 
Notorious to require proof. 
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by a loss of at least some part of the oxygene, necessary 
to their existence, and which the linseed oil assisted in 
depriving them of, by its known affinity therewith. 

In forming systems, we are apt to draw general con- 
clusions from partial views of facts. And this even M. 
BerthoUet seems to have done, not only in ascribing 
the decays of vegetable and animal colours, exclusively 
to effects similar to those of combustion, but also in re- 
presenting the oxy-muriatic acid as an accurate test or 
measure for anticipating, in a few minutes, the changes 
which these colours are liable to suffer, by long expo* 
sure to the action of sun and air; for though it should 
be true that the oxyg^iated muriatic acid, in weakening 
or destroying colours, gives up to them more or less of 
the oxy gene, which it is supposed to have received from 
manganese; and that, by this new combination of oxy- 
gene, those affinities for particular rays of light upon 
which their colours depend, are liable to be destroyed; 
it is nevertheless true, that the changes of colour so 
produced are no certain indication of those which the 
combined influence of light and air will occasion upon 
Colours in general; there being, as I have already ob- 
served, and as I shall more fully explain hereafter, 
several colours which are very speedily destroyed by 
tlie latter of these causes, though they resist the action 
of the oxy-muriatic acid, even longer than the best co- 
lours given to printed calicos. 

M. BerthoUet well knows, since nobody has contri- 
buted more to ascertain, how much the properties of 
oxygene are diversified by each particular basb to which 
it unites; and it does not therefore seem warrantable to 
imagine, that its action would not be modified^ as well 
as increased, by a basis so powerful as that of the com- 
mon muriatic acid; or that the united pnoperties ofboth^ 
should exactly represent or resemble those of atmos- 



r 



Phik»cphtf of Permanent Colours.^ 49 

}^ieric air upon colours, any more than they do ki the. 
lungs, where, instead of supporting life, when respired, > 
they would instantly destroy it. 

Ten years after Phad published the preceding ob**. 
aervaticHis^ M« BerthoUet, in the new edition of his. 
'^Elemeasde Teinturei" (between pages 131 and 147 
of the first volume) recapitulated those parts of his 
former e^tion, which relate to this subject; and for 
doing so, he assigned the following motive, viz. '^ par- 
ceque Bancroft j dont Pautoriti est pour nous d^un grand- 
p&ids, a pr^tendu rliuter la theorie qui y est'^tabliey-et 
que nous deslronsde mettre en ^tat de peser se&raisons^ 
e.t les motifs de notre opinion. ^^ He afterwards (p. 147 
asid seq.) notices some <^ my objections to bis theor}'; 
and particularly that wherein I asserted, that colouring, 
matters suffer, by the action of acids,, and other $ub->. 
stances, alterations which cannot be compared to com* 
bustion; to which he answers, ".mab il nVst question 
dans les explications pr6cedentes, que de I'espece d'al- 
tgration qui dlipe^d de I'action de I'oxigene.'' This an-, 
swer, were I not fuUy convinced of M. BerthoUet^s 
perfect candour and regard for truths would seem to be 
either an evasion, or a mere petitio principii: and it 
certainly has tbs effect, of at least greatly narrowing the 
ground of our dbpute; for I have never contended that 
oxygene assisted by lights does not in some eases injure 
colours in the way which M. BerthoHet supposes, L e. 
by combining with the hydrogene of the colouring mat- 
ter^ &c.; though I have objected to what seems to have 
been his opinion, that this was the only way in which 
the Jbding or decaying of colours ought to be explained; 
and coRskiering the very opposite effects of light in re-r 
gard to oxygene, which have been recently stated (and 
which M. BerthoUet seems to have overlooked) it is 
impossible for me not to .persist in that objection. It 
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therefore still remains for us to ascertain, and distinguish 
the particular cases in which oxygene, assisted by light, 
injures colours, by combining with the hydrogene of 
their respective colouring matters; but even if this were 
done, I should never be convinced that these matters 
had naturally contained ready formed black charcoal^ 
and that the degradation of the faded or injured colour, 
resulted vfrom a greater manifestation and predominance 
of this charcoal, with its supposed Naturally black co- 
lour, 

M. BerthoUet next adverts to my objection that oxy- 
gene, far from destroying colours generally^ is neces* 
sary to the existence of some of them, as e. g. of indigo. 
And to this he answers, ** n'est-ce pas ce que Ton a dit? 
mais l*on a distingu6 les cas oii il devient un 616ment 
de la couleur, et ceux oii son aotion devient destruc- 
tive.'' An answer which leaves us still to ascertain and 
distinguish the numerous colouring matters, of which 
oxygene is admitted to be an essential constituent, and 
which, from that circumstance, will be most suscepti- 
ble of being injured, by a deprivation of oxygene, rather 
than by any addition of it; and even after this distinc- 
tion shall have been made, it will not follow, as a neces- 
sary consequence, ths^ the other remaining colours are 
not liable to suffer by eflfects very different from those 
of combustion. 

Next in order, M. BerthoUet notices my objection to 
his ascribing the degradation oi faded colours, to a pre- 
dominance of charcoal, since many substances contain 
large proportions of it, without having any such colour 
as has been ascribed to its excess; and since the colour 
of charcoal itself, results only from an oxygenation of 
its basis. To this he answers, that without entering 
upon a discussion of my opinion on this point, '^ il s'agit 
seuiement de s^avoir, si dans les circonstances dont il 
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eM question, le changement de couleur n'a pas de I'ana- 
logie avec celui que Ton obsenre, lorsque I'on distille 
une ^bstance v£g6tale:" and he seems to imagine 
(erroneously) that I bad conceived the free access of 
tile oxygcne of the atmosphere^ to be necessary to the 
browning of vegetable matter in that process, where 
there is otherwise, a sufficiency of oxygene. He next 
observes, that I had erred in supposing tliat his opinion 
was founded solely upon experiments made with the 
brown colouring matter of unbleached linen. But it will 
have been seen, that I only mentioned this as the matter 
upon which they *^ were principally madeJ*^ 

And, finally, in regard to my objection to his assum- 
ing the action of the oxy- muriatic acid upon dyed 
colours, to be an exact indication and measure of that 
which they would suffer by exposure to the sun and 
air, he observes that he did not find in my work, an ac- 
count of the experiments which I had announced, as 
sufficient to prove that the effects of the oxy-muriatic 
acid, are sometimes at variance with^ those of the oxy- 
gene of the atmosphere. For this last observation there 
may have been some little foundation; but my readers 
will soon find it removed. I had, indeed, occasionally 
noticed some of these experiments, though not coUec- 
tively; and others were intended to be also mentioned 
occasionally, in the second volume. 

M.' BerthoUet next admits, that in comparing the 
effects of the oxy-muriatic acid, with those of the oxy- 
gene of the atmosphere, it is necessary to take into con- 
sideration the greater condensation of the oxygene in the 
former, together with " Daction particuhire de Pacide 
JHuriatique;^^ which, to my understanding, he certainly 
did not do in regard to the latter; and his not doing it^ 
was the chief foundation of my objection. Even in his 
last edition (tom. i. p. 68) w^en treating of these eilects. 
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of the ozy-muriatic acid upon colours, he says ** S agft 
alors par Poxigine quHl abandonne^ et par consequent 
son action ne <Kjfere que par Vintenmiij dt ceBe de Pmr 
atmosphMquei^^ so that even in this last edition, the 
particular action of the muriatic acid is completely, and 
as M. BerthoUet now admits, improperly overlooked. 
He admits also, at p. 149, that it is necessary to distin- 
guish between the effects produced by the oxy-muria- 
tic acid, when it completely discharges or extingmshes 
all cobtirj and those due to the combination of its oxy- 
gene, with the hydrogene of the colouring mattery I 
do not, however, believe, that there is any such differ- 
ence in its action, or that it ever relinquishes any oxy- 
gene to combine with the hydrogene of the colouring 
matter in question; but that it destroys colours, by a 
power peculiar to itself, and inexplicable by any of its 
sensible qualities; a power manifested by efiects the 
very reverse of combustion, since that highly combusti- 
ble substance cotton, is bleached and rendered perfectly 
white by it, instead of being made brown or black, as 
it would be, if its mode of action were such as is here 
supposed. 

M. BerthoUet afterwards brings this discussion to a 
conclusion, by the following partial concession, at p. 
150, viz. 

" Si nous avons cru pouvoir r6futer les objections 
de Bancroft, sur la cause au moins la plus ordinaire de 
la d6gradation des couleurs par I'air et la lumiere, nous 
convenons que les consequences de Popinion que nous 
tichons de maintenir, n*auraient pas dH Stre Stendues 
aux phenomines que nous aHons examiner, quoiqu'on nc 
I'eiit fait qu'avec beaucoup de reserve, et sans sortir 
des homes d'une simple eonjecture:'' and he then pro- 
ceeds to an examination of the phenomena, to which 
his doctrine on this subject ought not to have been ex- 
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temkd. Of these, the principal rehtes to the yellow 
colottr produced upon iivool, silk, and other animal sui>- 
stances, by the nitric acid; of which I have alreadjr 
given what appears to be the xmly true explanation at 
p. 28. 

If I have sometimes thought it my doty to contest 
the opinions of M. BerthoUet, I have always done it re^ 
tuctantly, and I can feel no pleasure in prolonging, un- 
necessarityy a controversy with one, for whose decisions 
I feel so much deference, even where I believe it might 
be done widi advantage on my side; I should, therefore, 
here terminate our discussion, were it not incumbent 
on me to state certain facts, which prove that the effects 
of the oxy-HHiriatic acid upon particular colours, are 
not an indication or measare of those changes, which 
would take place in the same colours, by exposure lo 
the sun and air; and of which facts, M. Berthollet com- 
plains that he did not find a statement tn the volume 
formerly published. 

In the introductory part of my present volume, I have 
noticed the subsisting opposite opinions, concerning the 
nature and constitution of the substance, called acido 
mariatique oxigen6, by the French chemists, and oxy- 
muriatic acid by the British; and which Sir H. Davy 
has lately denominated, chlorine. M. Berthollet and 
others, who believe oxygene to be one of its constituent 
parts, suppose Itfaat in bleaching or destroying colours. 
It acts by giving up to them its oxygene. Scheele had 
imai^ed diat it did this, by combining with phlogiston^ 
Dvhich was dien thought to be the most important part 
of colouring matters; and Davy, who like Scheele, con^ 
siders his chlorine as a simple or decompountkd sub- 
stance, says (p^ 24S.) that it decomposes water by a 
double aflhitty; ^* that of the hydrogene for chlorine, and 
that of the colouring matters for oxygene;" to which 
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last he ascribes, like M. BerthoUet, the destructive ac« 
tion of chlorine upon colours, though he derives the 
oxygene from a different source. But if, as is here sup« 
posed, the destruction of colours by the oxy-muriatic 
acid resulted solely from the oxygene, which it either 
relinquishes, or separates from water, its effects on co- 
lours ought to resemble those of the nitric acid, when 
the quantity of oxygene which they severally afford, or 
put into action, is the same, and the effect of each 
ought to be proportioned to the degree of acidity in the 
destroying agent* Many experiments have, however, 
convinced me, that few things are more unlike, than 
the several effects of the oxy-muriatic, and nitric acids, 
upon colours giving by dyeing, &c. A very few of these 
experiments will suffice. — I put into a small phial, cut- 
tings from three skeins of cotton yam, which had been 
dyed, and sent to me by M. Chaptal, before he was 
called from his chemical labours to those of a minister 
of state. One these had received the Turkey red, ano- 
ther the nankeen buff, from an oxide of iron, and the 
third a black, as I believe, from madder and galls, ap- 
plied upon the basis of iron, dissolved by the pyrolig- 
neous acid. Upon these colours I poured oxy-muriatic 
acid, which had been prepared by Mr. Accum, and 
kept secluded from light. Its acidity was so slight as to 
be hardly perceptible to the taste, and, I believe, it 
might have been put into the eye, without causing much 
pain. I found, however, that in less than two minutes, 
the colour of the Turkey red was much impaired, and 
in five, the yarn throughout the greater part of its sur- 
face had become wfute^ without passing through any 
intermediate colour: and at the end of half an hour, but 
a very few specks of red, less than a pin's head, were 
perceptible^ The buff colour at that time was found to 
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have acquired a little body, and the black to have lost 
a little, but without ceasing to be still a good black. 

At the same time, I put other cuttings of the same co« 
lours into another phial, and poured upon them undiluted 
aqua fortis, as prepared for the scarlet dyers; and I found 
that in a single minute the black which had withstood the 
oxy-muriatic acid, was changed to a buflF colour, result- 
ing solely from the ferruginous basis with which it had 
been dyed; and that the Turkey red began to exhibit the 
appearance of a scarlet^ inclining to the orange; and this 
last, (of a Evely tinty) became apparently its settled co« 
lour, at the end of an hour, when the buff, by acquiring 
more oxygene, was considerably raised. Here, then, was 
a very great diversity between the effects of the nitric 
and the oxy-muriatic acids, in no degree according, or 
proportionate to their degrees of acidity; that of the nitric 
acid being, I think, at least fifty, and, perhaps, one hun<- 
dred times greater than that of the oxy-muriatic acid, 
(w*hich being tasted, at the time when its action upon the 
Turkey red was strongest, and when, according to Da» 
vy^s opinion, it must have already decomposed water, had 
not, to my taste, acquired any greater degree, of acidi* 
ty,) and yet the former, could only change the complex- 
ion of the Turkey red to a bright orange^ (probably by 
imparting oxygene to it) while the latter (not, as I con- 
ceive, by any such, or other addition, but by a complete 
decomposition J had at once annihilated all the colour, 
(leaving the cotton yam white) as fast, and as far, as the 
decomposition took place; and this without any interme- 
diate tint, which would not have been the case if the ef- 
fect of the oxy-muriatic had, as M. BerthoUet supposes, 
resembled combustion. And, on the other hand, the 
black, on which the oxy-muriatic acid could make but 
a very slight impression, was completely destroyed, (ex- 
cepting the colour of its ferruginous basis) by the nitric 
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acid. Not unnecessarily to multiply instances of these 
unequal eflbcts, I wtU barely mention, H'faat will be stalled 
more fully hereafter^ that tliis slightly acid chlorine, or 
oxy-muriatic acid, was, by repeated experiments^ found 
to produce more destructive eSects on the fine purple of 
the Buccioum lapillus, tlian aqua foitis, or the strong 
undiluted oH of vitroiK Indeed, when I consider how 
generally and how powerfully the oxy-muriatic acid de* 
strqys animal and vegetable colours, whilst, from its very 
alight acidity, it cannot be sup|x>sed capable of either re- 
linquishing, or separating from water, any portion of 
oxygene at aH adequate to such effects, or in any degree 
comparable to the oxygene of the nitric acid, (and which 
tibe latter readily gives up^ without producing any equal- 
ly destructive effect on colours,) it seems to me as un- 
reasonable, to ascribe this powerful agency of the former, 
to any portion of oxygene which it can possibly bring 
into action^ as it would be to impute the death of a man, 
poisoned by two or three grains of Ae corrosive subli- 
mate of mercury, to the single grain of chlorine or oxy- 
muriatic acid, which, combined with quicksilver, con- 
stitutes this sublimate. 

If thb chlorine be, as l^r H. Davy supposes, a simple 
elementary substance, it must produce its singularly de- 
structive effects on colours, principally at least, by a 
power peculiar to itself, (which probably is a decompo- 
^ng power,) and if it be, as M» BerthoUet supposes, a 
compound, (of oxygene and muriatic acid) its peculiar 
energies must result from its composition; from the com- 
bined agency of its constituent parts, and not from the 
action of either separately, as has been supposed. And it 
may be presumed, that the same peculiar decomposing 
power, which enables the oxy-muriatic acid to annihilate 
colours with such extraordinary celerity, enables it also 
(l^ decomposition) to weaken and bjure the texture of 
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wool and other animal fibres, as it is known to do, in a 
much greater degree than the incomparably stronger suK 
phuric and nitric acids. 

It now only remains for me to mention a few of the in- 
stances within my knowledge, proving that the action of 
the oxy-muriatic acid upon colours, is not an indication 
or measure of that which they would suflfer, by exposure 
to the sun and air; and these instances I will select from 
an experiment, which was made carefully, and so recent* 
ly as the 8th of July, 1812; when I put into an empty, 
glass-stopped phial, the following colours, upon separate 
bits of muslin, viz. 

1st. A fast madder red dyed topically, by an eminent 
calico printer, upon a basis, from acetate of alumine, ap- 
plied by the block. 

2d. A &st yellow, dyed fi'om weld upon the same basis, 
by the same calico printer. 

3d. A &st yellow, dyed upon the same basis, fix>m 
quercitron bark. 

4tb. A fine durable purple produced by the colouring 
matter of the buccinum lapillus, of which a full account 
will be given in the proper place. 

5th. A logwood purple produced by mixing, with a 
strong decoction of that wood, as much muriate of tin, 
as rendered the former slighdy acid, and after thickening 
the mixture with gum arable, applying it in spots to 
muslin, which, after being properly dried, was washed 
with soap and water. 

6th. A full bright yellow produced fi'om a similar de- 
coction of the quercitron bark, rendered slightly acid by 
an admixture of nitro-muriate of tin, made with two parts 
of nitric, to one part of muriatic acid, gummed, and topi- 
cally applied in the same manner as the logwood purple^ 
and in like manner dried, and afterwards washed. 

Vol. I. H 
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7th* A similar yellow made from the quercitron bark^ 
only substituting murio^sulphate of tin, for the oitro- 
muriate. Upon these colours I poured oxy-muriatic acid^ 
with which Mr. Accum had recently supplied me, (and 
which I had kept secluded from thel^htj until the phial 
was full; after which, in less than two minutes, I found 
that the bits of muslin, with the madder ^ weld^ midquerr 
Atron^ colours dyed upon the aluminous basis, were be- 
come perfectly white, by a complete extinction of their 
several colours. Whilst the logwood purple, that from d^ 
the buccinum, and the quercitron yellows, with solutions 
of tin, were not apparently changed. But in about five 
minutes the logwood purple appeared to be losing body, 
as did the quercitron yellows soon after; and a similar ef> 
feet soon became evident in the shell purple* 

In about fifteen minutes, from the time when these co- 
lours were immersed in the oxy-muriatic acid, the log- 
wood purple had nearly disappeared; and this was the 
case of the quercitron yellows in about three minutes af* 
terwards, and of the shell purple about two minutes later; 
excepting that a part of the latter, as well as a part qH one 
of the yellows given with tin, had each preserved a por- 
ticHi of colour, by having been protected, by other bits of 
muslin, from the sun's rays, which, as the sky was clear, 
had had fi^e access to the phial contuning them, at the 
window where this experiment was made; a fact which 
manifested the influence of solar light, in pronK>ting the 
destructive action of the oxy-muriatic acid, on the colours 
in question. 

It is here to be recollected, that the three first mention* 
ed colours, dyed upon the aluminous basis, would have 
resisted the action of sun and air for two or three months, 
and the madder for a much longer time, and yet they 
were completely destroyed in an eighth part of the 
time which was required to destroy the logwood purple. 
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and the ycBows with tm; neither of which could have 
been exposed to the sun and air for a single week, with- 
out becoming of a faded brown. It is also worthy of ob- 
servation, that the Tyrian, or shell purple, was destroyed 
by the oxy-muriatic acid, ainiost as soon as the logwood 
purple and quercitron yellows last mentioned, though it 
would have resisted the sun and air, probably fifty times 
longer than either of them. 

The property by which certain matters decompose so- 
lar light, refecting or transmitting some, and absorbing 
other rays, so as to produce the sensations or perception* 
of particular coloui^, often depends upon precise, and 
nice proportions in the constituent parts of these colour- 
ing matters, which proportions may be altered, and the 
colours resulting ^aiva them destroyed or changed by va- 
rious means, acting even in opposite ways, 

Oxygene from its ubiquity, as a part of die atmosphere, 
and its powerful agencies, co-operates in almost all the 
the changes which take place on, or above the surface of 
the earth, and especially in those connected with either 
the production or the destruction of colours, and its pre- 
sence as a censtituent part of colouring matters, seems to 
be essentially necessary to those peculiar attractions, or 
affinities, which, by their effects upon the rays of light, 
occasion the perceptions or sen^tions of colour. This 
will be abundantly proved, and elucidated by the highly 
instructing and interesting facts to be stated hereafter, 
concerning indigo. 

Buttiiough combinations of oxygene in certain propoiv 
tions, are necessary to the existence of most, if not of aO, 
colours, an excess of it may obstruct all manifestation or 
appearance of colour, as completely as the total absence of 
it does, in regard to indigo. Of this a signal instance, and il- 
lustration, will be found hereafter, in the colourable matter 
of the Buccinum producing the ancient or shell purple; and 
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this last^ as I have already intimated, will moreover afford 
a most curious demonstration, and exemplification, of 
the influence of solar light, in one, and that the most 
common of the ways in which it acts upon colouring 
matters; I mean that of separating or causing an abstrac- 
tion of their oxygene: and it will be readily perceived that 
these colourable matters (of indigo, and of the shell pur- 
ple,) become the more interesting and instructive, by 
reason of their opposite conditions and analogies. 

To ascertdn by well-directed experiments, made upon 
the several dyeing drugs, and the colours produced by 
them, with their usual or most suitable mordants, or 
bases, in which of the ways lately mentioned, or in what 
other ways, their several colours are most liable to suflfer 
injuries or decays, would doubtiess contribute greatiy to 
improve the art of dyeing, by enabling us to employ the 
means proper for obviating or correcting their respective 
defects, so as to render colours permanent, which have 
hitherto been deemed fugitive; and, perhaps, increase the 
durability and beauty, even of those which are consider- 
ed as permanent. 

With this persuasion I have, at different times, pro- 
jected various experiments, calculated to ascertain the 
effects of the sun's rays, upon colouring matters, in all 
tiieir usual combinations, when placed in xmcuoy and also 
when immersed in the several kinds of air, and in alcohol, 
unctuous, and essential oils, diluted acids, and alkalies, in 
order to ascertain the effects of these different agents or ap- 
plications, upon the several colours; and also as &r as might 
be practicable, to discover what each had either lost or 
gained by 6uch treatment. But from the number and va- 
riety of my other unavoidable avocations, and interrup- 
tions, my progress in these experiments (excepting a few 
which will be mentioned in their proper places) has not 
been sufficient to warrant those ultimate conclusions, 
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which could only be safidy and properly drawn, after an 
examination and comparison of the whole; and as I may 
not live or find leisure to execute the whole, I can only re- 
commend the subject to those who may have sufficient 
time and qualifications for a due investigation of it. 

Until further discoveries, therefore, shall have been 
made, I. consider myself as only authorized to conclude, 
that the permanent cdours of matter do not depend upon 
the thicknesses, sizes, or densities of its parts or partides, 
but upon certain affinities or attractions, physical, or che- 
mical, by which it is disposed and enabled to absorb and 
conceal some of the rays of light, and to reflect or trans- 
mit other rays, producing the sensations or perceptions 
of particular colours; and that to the existence or energy 
of diese affinities, or attractions, certain portions of oxy- 
gene are generally necessary, as a constituent part of 
colouring matters; and these portions may in some in- 
stances be increased, and in others diminbhed, by the 
influence of radiant matter^ or solar, light, which may 
thereby contribute to the production of some^ and the de- 
structicHi of other colours. 

Should I be desired to assign a reason or cause for 
these affinities, and their connexion with particular pro- 
portions of oxygene, I can <mly answer with M. de Buf- 
|(m,that they who require the reason of a general effect^ 
' do not consider the infinite extent of nature's operations, 
aor the confined limits of human understanding. 
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CHAPTER ri. 

Of the Composition and Structure of the Fibres of 
ffbolj Silkt Cottony and Linen. 

'* Ubi natnra desmit nobb ineipietidam.'* 

Before I treat of the comiaumcatio& or production 
of colours by dyeiog or calico printing; it wiU be proper 
to inquire concerning the particular natures and diffsr« 
ence§ of wool, silk, cotton, and IxQen, upon which these 
operations are usually performed. The two first are ani« 
xxial, and the latter are vegetable substances, differing from 
each other in their constituent parts and chemical proper^ 
ties, as well as in structure ai^d organization. M. Bov 
thoUet has greatly contributed towards ascertainii^ their 
chemical differences, jvhich seem principally to depend 
upon a much larger proportion of nitrc^ne, and also of 
hydrogene, in the animal, than in tlie vegetable matters: 
and as the nitrogene and hydrogene readily assume an 
elastic form, the wool, hair, and silk, in which they 
abound, have less adhesion between their constituent 
parts, than that which exists between those c^ cotton^ 
and linen, and they are, therefore, more strongly disposed^ 
Oxm the latter, to combine with other substances, when 
brought into contact with them; and it is, I believe^, 
partly in consequence of this disposition that wool, hair, 
and silk, manifest stronger affinities or attractions for co» 
louring matters generally, than cotton, and linen. ^ They 

* e. g. Cotton and linen will neither of them receive any colour 
by the same preparation, and in the same liquor, which dyes wool 
or woollen cloth scarlet This is erery' day seen by the cotton 
edges with which some some sorts of cloth are wove* which re- 
main white after the rest of the cloth is become scarlet M. Dufay 
caused a piece of cloth to be manufiictured, of which the chain was 
wool, and the woof cotton. This was afterwards fulled, that both ' 
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are also more readily decomposed, or injured by acids, 
alkalies, and other chemical agents, which ought there* 
fore to be very sparii^ly used in the dyeing of animal sub* 
stances: it being found that the sulphuric, nitric, and 
muriatic acids readily decompose wool, hair, and silk, 
and at the same time destro) , ox greatly weaken the tex- 
ture and connexion of their sevend fibres; and that alka- 
lies prove equally injurious, by combining with tht m: 
though silk is indeed not so liable to be acted upon in 
these ways, because it partakes in some degree of the 
vegetable nature. Animal fibres, also, contain more oil 
and kss of the basis of charcoal than the vegetable. 

It is from the superior chemical affinities, or attractions 
existing in wool, hair, and silk, for colouring matters, 
that the fitcilities with which these substances receive, 
and permanently retain colours, principally result; though 
-aomething is doubdess to be ascribed to the diiSerences 
of conformation, existing between their fibres and those 
of cotton and linen, which I shall notice under their several 
heads. 

Article I. — Of Wool. 

The value of this substance, and its fitness for the di& 
ferent kinds of manufiicture, depend in a great degree on 
the length and fineness of its fibres; of which ample infor- 
mation may be found in a Memoir written by M. d'Au- 
faenton, and printed among those of the Royal Academy 
of Sciences, for the year 1779. Wool is liable to great 
variiations in quality, not only fi*om differences in each 
particular race or breed of the sheep, fix>m which it is 
taken, but also of the parts of the body to which it has 
adhered; that which covers the tails, thighs, and bellies, 

might be brought into a similar state of preparation; and tlTe cloth 
being then dyed by the usual process, the woollen threads contain* 
ed in it received a good scarlet, whilst the cotton remained white. 
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being always coarser, and less susceptible of receiving 
colours by dyeing. It also frequently sufiers in quality, and 
in colour, by the diseases to whidi sheep are liable; the 
most healthy of the same flock, always afibrding wool 
which is of a better quality than that of the unhodthy; 
and which has also a greater affinity for cdouiing matters, 
and imbibes them more copiously by dyeing- 
Wool is naturally covered by an unctuous substance, 
which probably is destined to secure it irom the injurious 
eflfects of moisture. This substance (called yoVt by the 
English, and mnt by the French,) appears, by the ex- 
periments of M. Vauquelin, (Ann* de Chim. tom. xlvii. 
p. 276.) to consist principally of a sort of animal soap, 
(having potash for its basis,) a greasy matter resembling 
suet, and a portion of lime in combination with the car- 
bonic^ acetic, and muriatic acids. 

To prepare wool for dyeing, this yolk is commonly re- 
moved, by scowering, or maceration for a quarter of an 
hour, in warm water, mixed with a fourth part of stale 
urine; stirring the wool frequently by sticks, and after- • 
wards rincing it thoroughly, if practicable, in running wa- 
ter. M. Vauquelin, however, thinks it may be advantage- 
ous, after wool has been cleansed from every thing which 
dean water can remove, to soak it for a few hours, not in 
diluted stale urine, but in a fq&t(/ solution of soap, employ- 
ing one pound of the latter, with a sufficient quantity of 
water, to every twenty pounds of wool to be scowered. 
M. Roard, director of the dyeing department of the Frcnclv 
Imperial manufactories, thmks, that one pound of Flan- 
ders soap employed in this way» is sufficient for thirty 
pounds of wool; but instead of a tepid solution he recom- 
mends one that is heated; though not above 60^ of Reau- 
mur; equal to about 160^ of Fahrenheit.^ He also re- 

* M. BerthoUet, in the last edition of his Elements, torn. L p. 175, 
appears to think, that the substitution of soap for the ammonia con- 
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trommcnds the spinning of wool in the yolk, and scov^ering 
it afterwaitis; when he says, it will become much whiter 
than if scowered before the spinning. Another advantage 
results team postponing this scowering, which is that 
of preserving the wool from the depredations of moths, 
and other insects, so long as it retains the yolk; an effect 
which Reaumur observed, and published in the year 1738. 
(See Mem. de L'Acad. Re. des Sciences for that year.) 
The wool of healthy sheep is always more copiously pro- 
vided with yolk than that of the sickly. 

When wod has been spun and wove, it commonly 
undergoes the operation of /idling, which I shall notice, 
because it depends upon such a peculiarity in the struc 
ture of its fibres, as seems to increase its fitness to imbibe 
and retain colours by dyeing. Fulling, according to Sir 
William Petty (see Spratt's History of the Royal Society,) 
'* is making the cloth to become thicker, with the dimi- 
nution of its other dimensions, and the covering of its 
threads, so as thatthe cloth shall seem to be translated from 
the likeness of a tela, (all of whose threads appear) to 
that of a hat J which has no tlweads at all; for, by the way, 
the making af a hat (continues he) is the midcing of a tela, 
without spinnmg or weaving, by a kind of fulling.'* *^ This 
thickening," he adds, <* is made by the shortening of 
direads;'^ an eflfect wfaidi he erroneously ascribed to the 
heat of the mill, and the supposed astringent operation of 
urine, fullers' earth, &c. 
* 

.tained in stale urine, has not been found advantageous in the trials 
made with it: M. Chaptal, howcTor, in the fourth vol. of his Chimie 
Appliqu^e aux Arts, p. 423, treating of this operation, says, that in 
Spain, and recently in France, cloths have been scowered without 
either stale urine or soap, by preserving the water impregnated with 
the ifolki resulting from one operation, and employing it for a se- 
cond; and that of the second, for a third, &c. until it becolnes se 
thick, and overcharged with yolk, as to be unfit for use. 

Vol. I. I 
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M. Monge has, however, lately given a better account 
of the cq)eration8 of felting and fulling, (see Aim. de 
Chimie, torn. vL p. 300, Sec.) by which it appears, that 
die *^ shortening of threads'' is not produced by heat, or by 
any astringent power whatever, but an effixt resulting 
finom the external conformation of the fibres of wool, fur, 
&c» which appear to be formed, eidier of small laminae 
{^ed over each other in a slanting direction, fix>m the 
root towards the end or point of each fibre, like the scales 
of fish, lying one over the other, in succession, from the 
head to the tail; or of zones, placed one upon another, 
as in the horns of animdss fiom which structure each 
fibres if drawn from its root towards the point, will paqs 
stnoolfaly through the fingerst but if it be dravm in aeon- 
trary direction, fitim the point towards the root, a sensible 
resialance, and tremulous motion will be felt by the fingers. 
This conformation disposes the fibres of wod to catch 
hdd of eMh other, and as they cannot recede, when acted 
upcKi by other bodies, they tiaturally advance, by a pro- 
gressive motion, towards, and tK^side each other, from 
the end towards the root; a dbpoaition which is very in- 
eonvenient to spinning, and therefore ^ wool is greased, 
that the asperities ari^ii^ from this structure of its fibres 
may be Uierel^ covered, or sheathed, as a covering of oil 
sbe»tbes those of a file. But the Wool being manu&ctured, 
and the gfeaae no longer useful, it ift removed by iscow- 
ering, not only for the sake of cleanliness, but that it may 
not fhistrate the process of dyeing. The cloth is therefore 
carried to the fuffing miM, and there subjected to the action 
of large beedes, with fullers' earth and water, by wMch 
^e clodi is not only scowered, but its fibres, in conse- 
quence of the structure just described, being made to 
conjoin, and advance toward, and beside each other, be- 
come shorter^ and more ck»ely connected, or felted to- 



gcdier, the w«rp and woof losing in extent, but gaining 
pioportionabif in thidcncat. 

Thfl lamiasB, or sonca, under consideration, afibrd many 
interstices in the fibres of «rool» suited to receive and con- 
ttdn tiie partiidea of colouring mattersi when applied to 
diem in die operation of dyeiiig; but these interstices being 
small, and the fibres of the wool natundly elastic, no co- 
lour can be conveyed into these cavities, until they are 
dilated 1^ hot or boiling water; whereas sUk, cotton, and 
linen, are made to receive colours without heat, as per- 
manendy as with it. And this diferenee manifesdy arises 
finom the smaUness of the intersdoes in in^iioh the colour- 
ing particles aire deposited in the fibres of wool, and their 
eliffiticity; and as the colouring particles are only made to 
enter and deposit theiosclves by an artificial dilatation, it 
follows that, when this ceases, the filaments will a^;ain 
contract to their former size, upon the colouring matter^ 
so introduced, and hold them much more stix>ngly than 
diey are likdy to be held in other substances, whose in- 
terstices are large enough to receive colouring pardcles 
without being dilated, and which, therefore, cannot be 
supposed ever to cQutract and compress tbMi in the same 
way: and this difienence, joined to the superior chemical 
attracdon of animal fibres for colouring matters, will 
sufficiendy explain why many colours dyed upon wool 
prove so much more durable than upon cotton or linen. 
Wool, wimi dyed in the fleeee, takes up much more co- 
louring matter than when spun, and much more dian 
when wove into doth. It is also more or less penetrated, 
according to the fineness of its own texture, and the par- 
tieular nature of die colouring matter with which it is 
dyed: the very finest cloth is never thoroughly dyed scar- 
let, it being always found white within when cut.* 

* The late Mr. Nash, and his successor, Mr. DTmock, in.Glou- 
cestershire, by causing broad cloths to be wove of threads but Uttle 
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Wool taken from diflferent breeds of sheep, in vari- 
ous countries, is naturally of di&rent colours; as white, 
yellow, reddish, and black. Formeriy, all the flocks in 
^pain, excepting those of Andalusia, were of this la$t 
colour, it having been preferred fear wearing, by the Spa- 
niards; and this natural (brownish) black is even at this 
time manu&ctured, and worn constantly bysome religious 
orders in Roman Catholic countries. The white wool, 
however, is now almost universally preferred to every 
other, as being susceptible of receiving even a better Uack 
by dyeing, than any which is natural* The cloth worn by 
Martial^ app&irs to have received none but the natuud 
colour of the wool, whatever tliat may have been. He says 
(xiv* 133.) 

<< Non est lana mihi mendax, nee mutor aero 
— — — ^— - mc mea tinxit oris. 

And Virgil, in predicting the auspicious events which 
were supposed by him to follow the birth of Marcellus, 
(nephew to Augustus), mentions the sheep as naturally 
producing wool, of the richest and most brilliant colours. 

^ Nee yarios discet mentiri lana colores: 
Ipoe sed in pratis ariea jam suave rubend 
Murice, jam croceo mutabit vellera luto. 
Sponte sua sandyx, pascentes vestiet agnos." 

Eclogue iv. 

The lutum of the third of the^ lines appears to have 
been the Reseda luteola, or weld plant, now used as a yel- 
low dye, and it has been conjectured by professor Beck- 

twiaud in the spinning, have succeeded in making their scarlet dye 
penetrate farther into the cloth than would otherwbe have been prac- 
ticable; perhaps also this difference of twisting may contribute to 
the remarkable beauty of their scarlets, by an alternation in the affi- 
nity of light. 
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wtak^ tlvil the sandyx of the last line, wUdi is represen* 
ted as giving a r^ colour to the wool of the lambs feed- 
ing upon it, must have been die madder, which is known 
to have grown wild in many parts of Italy. Its leaves are 
aaid to impart a reddish cokxir to the milk of gows, when 
eaten by them, and the roots notoriously stain the bones 
of hogs of a bright-red, when they make part of the food 
of these animals* 

Article II. — OfSilk^ 

This consists of the fine threads composing the follicle 
of the Pupa, of the Bombyx Mori, a Moth or Phalena 
belonging to Linneus's third order of insects. (Lepidop* 
tera.) 

It has been said and believed, that silk was exclusively 
produced in Chinas until the reign d[ the Greek Emperor 
Justinian. But of this there is no sufficient evidence. 
Pliny, indeed, after describing the countries inhabited by 
the Scythians, mentions the Seres as being the first or 
nearest civilized people beyond those regions; and he 
adds, that they were fiimous for the fine wool combedfrom 
their trees, of which he gives some account, so indistinct, 
however, that we may doubt whether it does not relate 
to cotton, rather than to silk.^ But there is a passage 
much less equivocal in bis eleventh book, (Chap. 22,) 
where he mentions a kind of insects, greater than the 
wasps and hornets which he had just before described, 
and to which he gives the generic name of Bombyx, 
adding that they are produced in Assyria; and after a 
fabulous accomit of the nests and honey, which he sup- 

• (( Primi sunt hominum, qui noscantur, Seres^ lanicio sylvanim 
nobiles, perfutam aqua depectentes frondium canitiem: unde ge- 
minus foeminia nostris labor, rcdordiendi fila, rursumque texendi. 
Tarn multiplici operei tarn longinquo orbe petitur, ut in publico 
matrona transluceaf Lib. vi. cap. 17. 
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posed them to make like bees, he says, they engender 
in a diflferent manner; i. e. from worms which put forth 
two horns; that these are Eruatj and afterwards change 
to Bombylii^ then to Necydali; whence, after six mondis, 
they become Bombyces, spinning and weaving webs like 
those of qiiders, to make garments for luxurious women, 
which (garments) are called Bombycina. He adds; that (he 
first who found means to unweave these webs, and weave 
them again, was a female of Cosy named Pamphila, the 
daughter of Latous, who ought not to be definuded of die 
honour of inventing a species of clothing, through which 
women may expose their beauties, as if diey were naked.* 
Though this account is manifesdy incorrect, as well as 
imperfect, there can be no doubt of Pliny's intention to 
describe the modi of the silk worm, and its passage 
through the larva and pupa states; but I do not diink that 
in his time the Romans always distinguished silk from 
cotton, as the terms bombyx, bombycina, and sericum, 
were sometimes applied to mudin and other cotton 
cloths, as well as to those of »lk, and indeed the gstfments 
which Pliny, in his next chapter, mentions as being made 
of the s3k produced by the Bombyx of Ces^ (which he 
represents as different fit^m tiie Assyrum^) must have been 
cotton. These^ he says, even the men were not ashamed 
to wear in the summer^ when, contrary to ancient man- 
ners, tiiey thought themseheg merloaded by any otiier 
than light clothing. He adds, however, that die men had 
not in his time begun to wear the Assyrian silk, but had 

^ ^ £t alia horum origo e grasdiore vermiculo, gemina proten* 
dens sui generis cornua: hi erucae sunt: fit deinde, quod vocatur 
Bombylius: ex eo Necjdalut, ex hoc in sex mensibus Bombjx. 
Telas araneorum modo texunt ad vestem lusumque foeminarum 
quse bombycina appellatur. Prima eas redordiri, rarsusque texere 
invenit in Cca mulier PamphUa LaCoi filia, non fi^udanda gloria ex- 
cogitate rationis, ut denudet iceminas veitis.'* 
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left it to adorn femaks exclusively. '* Nee puduk has 
vestes usurpare etiam viroa, levitatem propter, aestivam: 
ia tantum a lorica gerenda diacesaere mores» ut oaeri sint 
etiam vestes: Aeetftia iamen bambyee adhuc fmniniM 
eedinme.^^ 

It seems difficult to ascertain what nation Pliny inlBnd«> 
ed to describe under the name of Seres^ there being no 
proof that in his time the Romans had ever heard of 
China; though we have good reason to believe^ that the 
manu&cture and use of silk were introduced among the 
Chinese at a very remote period. We are indeed inform*- 
cd, that the annals of China mention the wife of an empG- 
ix)r, named Hoagti, as die first person who employed 
herself in spinning silk, produced by silk worms in their 
wikl or natural state. But this was probably done as soon 
in other countries, and especially in Persia, where both 
the white and black mulberry trees where indigenous. 
Mr. Cplebrooke informs us, that in the most ancient 
Sanscrit books there b frequent menti(»i, not only of 
silk, but of an ImSan dassy whose occupation was to attend 
silt vmms* See Asiatic Researches, vol. v. 

It is indeed probable, that the very smidl portion of 
silk which had fimnd its way to Rome, m or before 
Pliny's time,, came not finom China, but Persia; whence 
the Greeks, who returned from the army of Alexander 
die Great, appear to have first brought wrought silk into 
Greece, about 223 years befi>re the Christian Mm and 
die emperor Heliogabalus is said to have been the first 
person who, idbout 440 yeard afterwards, ware a ikhse- 
ricumy or garment composed entirely of silk, which com- 
modity was then rarely sold for less than its weight in 
gold: and k is rebted, I think, by Nq>iscus, that die em- 
peror Aurdian resbted the earnest solicitations of his 
empress, for a robe of silk, as being too costly. 

But about the year 550, two monks brought fix)m 
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India to Constantinople a quantity of the eggs of die 
bombyx mori, which they had carefully deposited in hol- 
low canes; and the eggs being hatched by die warmth of 
a dunghill, and the larvas fed on the leaves of wild muU 
berry trees, the insects, under the protection of the cm* 
pero» Justinian, were rapidly multiplied in the Pel(^n- 
nesus, and other parts of Greece;^ whence they were 
afterwards carried to Sicily, and several parts of Italy, 
In the 13th century, the Venetians established very ex- 
tensive manufactories of silk, in theur territories, as did 
the Florentines in the oext century. Afterwards, the 
Moors introduced silk worms, and die manufiicture of 
silk, into the southern parts of Spain, particularly Murcia, 
'Grenada, and Cordova, whence silk stockings were 
brought over to our Henry the 8tb, and Edward the 6th. 
Hen^ the 2d of France, is said to have been the first 
person, who wore silk stockings in that kingdom, (at the 
marriage of his daughter, and that of his sister;) and we 
are told, that a pur of black silk stockings, having been 
presented to Queen Elizabeth, she was highly pleased 
with them, and resolved never afterwards . to wear any 
other than ^k stockings. 

Though the silk of the Bombyx mori^ gready excels 
that of other moths, by its abundance, pliability, and bril- 
liancy, as well as the facility with which it may be reeled, 
it is not the only production of this kind, capable of be- 
ing made useful to mankind. 

The Phalena Adas Lin. produces in China very large 
eocoons, and their silk is remarkably, strong, but being 
difficult to reel it is commonly spun* 

The Phalena Cynthia, (or Arrindy silk worm,) also, is 
a beautiful moth, of which the natives of the interior, 
nordi-eastem part of Bengal, breed great numbers, as 

* See Procqpius, lib. iv. cap. 17, de Bello Gothico. 
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Ifaey do of the common silk woniiy in a domestic state. Its 
caterpillar is very large, and feeds vcM^ciously on the 
leaves of the common Ricinus, or Palma Christi. The co- 
coons of this moth, according; to Dr. Roxburgh, ^^ are re- 
markahlyscrft and white, or yellowish, but the filaments are 
so exceedingly delicate, as to render it impractible to wind 
off the silk: it is therefore spun like cotton. The yarn thus 
manufactured, is wove into a coarse kind of white cloth, of 
a seemir^ly loose texture, but of incredible durabikty; the 
life of one person, being seldom sufficient to wear out a 
garment of it; so that the same piece descends from mo- 
dier to daughter r*' It must, however, be washed only in 
coki water, for if put into that which is boiling, it will 
^^ tear like old rotten cloth.'' 

Dr. Roxburgh also describes another silk worm, the 
Tussacb, or Phalena Paphia, which is ^^ found in such 
abundance over many parts of Bengal, and the adjoining 
provinces, as to have afforded to the natives, from time 
immemorial, sm abundant supply of a most durable coorst 
dark-oolpured silk, commonly called Tussach silk, which 
is woven into a kind of dodi, called Tussach doot'hies, 
much worn b;^ Bramins and other sects in India.'' This 
doth, as the doctor thinks, might '* be highly useful to 
the inhatntants of many ports of America, and the south 
of Europe, where a cheapo light, cod, durable dress, such 
as this silk makes, is much wanted." See the Transactions 
of the Linnasan society. Vol. — , p. 33, &c. 

Silk is naturaUy covered with a kind of varnish, or 
gummy substance; and almost the whde^ of that known 
in Europe, is moreover tinged of a yellow cdour, which, 
for most purposes, it is necessary to remove, as well as 
the varnish. This is commonly done by submitting it to 
the action of soap, in circumstances which M. Bcrthdlet 
has described, as well as some other means for answering 
this double purpose* (Tom. i. p. 184, &c.) 

Vol. I. K 
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M. Roard, (director of the Imperial French dyes, at die 
Gobelins) has lately ascertained, Aat besides the gummy 
and colouring matters, there is a substance, much like 
wax, to be removed in this operation, (decreusage. ) He 
states the gummy matter, as commonly amounting to 
twenty-three or twenty-four per cent, of the silk, and to 
be soluble in water: and the colouring matter to make 
about a 55th, or 60th part of the silk. It is very soluble 
in alcohol, but not in water. The wax seldom exceeds the 
hundreth part of the silk, and is often not more than half 
so much. All these matters may, he thinks, be ' removed 
with better e&ct, by soap than by soda: and as silk by 
long boiling, after it has been made white, often becomes 
yellow again, and is moreover hurt in its texture, M. 
Roard thinks, that instead of employing the soap /^ar/io/fy, 
or at different times, as has blsen frequently practised, it 
is best at once to employ the whole quantity likely to be ^ 
wanted, and thereby shorten the time of boiling to an 
hour, or an hour and one half; which will commonly suffice, 
and leave the silk with more of its natural lustre, and greater 
softness, as well as strength. M. Roard, indeed, thinks, that 
when silk is to be dyed of a crimson, or any other colour, 
to which its natural yellow would not prove unsuitable, it 
is best not to remove the latter completely, because, when 
this is done, the dyed colour is commonly found to have 
less brilliancy, than it would otherwise have had. 

When silk has been freed from both its gumnly var- 
nish, and its yellow colour, it is sometimes necessary to 
whiten it still farther, by the fumes of sulphur applied to 
it, and confined in a stove. But though sulphureous acid 
gas, applied in this way, readily whitens the silk, and 
thereby renders it more fit to exhibit lively colours, a por- 
tion of sulphur adheres to it, which, when it is intended 
to be dyed, must be removed by soaking and agitation, 
for a considerable time, in warm water^ that it may not 
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tarnish the colours; an effect which sulphur generally pro- 
duces, to those of wool and silk. The lustre so much de- 
sired, in colours dyed upon silk, seems, in a great degree, 
to depend upon its smooth glossy surface, which acids, 
alkalies, and other chemical agents (particularly the solu- 
tions or oxides of tin,) contribute to impair, and are there- 
fore to be sparingly used. 

Silk, in its disposition to receive, and retain colours for 
dyeing, seems to partake of a middle nature, between that 
of the animal and vegetable substances: by its abundance 
of nitrogene, and hydrogene, it possesses, like wool, a 
strcHig attraction for colouring matters; but its fibres 
having neither a similar organization, nor an equal degree 
of elasticity, it is capable of imbibing colours, like linen 
and cotton, without any previous dilatation of its pores by 
hot water, but, like them, it parts with colours, so im- 
bibed, thii more easily, in consequence of this natural 
openness, or the want of contraction, in its pores; though, 
upon the whole, colours dyed in silk are more lasting, than 
when dyed in linen and cotton, on account of its greater 
affinity with colouring matters, which seems to result from 
its animal nature. 

In the year 1709, Mr. Bon, First President of the 
Chambre des Comptes, aides, et finances, at Montpellier, 
communicated to die Royal Society of that city, a disco- 
very which he had made of a new kind of silk, from the 
very fine threads, with which several species of spiders 
entwine their eggs; which threads were found to be much 
stronger than those composing the spider's web. They 
were easily separated, carded, and spun, and then afforded 
a much finer and stronger thread than that of the com« 
mon silk, though somewhat less glossy. They were also 
found capable of receiving all the different dyes, with equal 
facility. Three ounces of this new silk, made a pair of du- 
rable stockings of the largest size; and as the spiders were 
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much more prolific, and much .more hardy than the silk 
worms, great expectations were formed, of benefit firom 
this discovery. M. Reaumur, therefore, took up, and pro* 
secuted the inquiry with zeal. He conceived that, when 
spiders were artificially multiplied for the production of 
silk, it would be impossible to provide them sufficiently 
with flies, their natural food. This obstacle, however, was 
soon removed, by his finding that they would subsist very 
well, upon earth Worms chopped, and upon the soft ends 
or roots of feathers. But a new obstacle arose tram their 
unsocial propensities, which piloved insurmountable; for 
though at firet they seemed to feed quietly, and even work 
together, several of them at the same web, yet they soon 
began to quarrel, and die strongest devoured the weakest, 
so tliat of ^wo or three hundred, placed together in a box, 
but three or four remained alive after a few days; and no- 
body could propose to keep and feed eaph separately* 
M. Reaumur found ^ir silk to be naturally of different 
colours; particularly white, yellow, sky blue, grey, and 
o^ee-coloured brown. See Hist, et Mem. de I'Acad^ 
Royale des Sciences, ann. 1710. See also a Dissertation 
by M. Bon, ^' sur Putilit6 de la soye des Arraignees.*' 8vo. 

Abticxx III. — Of Cotton. 
This is the well known production of a genus of pknts, 
denominated Gossypium; of which Linneus has described 
five species, viz. G. herbaceum, G. arboreum, G. hirsu* 
tum, G. religiosum, and G. Barbadense. To these, five 
other species have been added* partly indeed by elevating 
to the rank of distinct species, several which had pre- 
viously been considered as merely varieties of some of the 
fprmer. This addition consists of G. Indicum, G. mi- 
cranthum, G. vitifolium, G* latifolium, and G. peruvia- 
num. But as the specific characters of these several species 
are not connected with the subject of dyeing, or calico 
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printing, a particular acconnt of them would be here sup 
perfluous. The fibres of cotton di&r not only in their 
lengthi fineness, and strength, but also in their colours. 

Most of the species of Gos^ipium, (Hroduce cotton 
which is naturally white, though a few produce it of other 
colours, of which that called Nankin by the English, and 
^'cotoQ a couleur rousse (de Siam}," by the French, is 
best known. Von Rohr, who was employed by the Da- 
nish government as a botanist, during ten years, in the 
West Indies, has described threie species of this Nankin 
cotton,* which he distinguishes chiefly by peculiarities in 
their reflective seeds. 

Cotton of this colour l^s been long cultivated in China, 
and more especially along the sea shores of the south,- 
eastom part of the province of Kiang-nam, of which Nan- 
kin is the capital, as it formerly was of the Chinese em*- 
pire. It is also now cultivated at Malta, and in some of the 
West India islands, and is said to grow naturally in Africa. 
It is asserted, that a species of cotton, naturally of a bright 
yellow colour, is produced in Dahomy^ but that the ex- 
portati<»i of it is prohibited, by the government of that 
part of Africa. Mr. Clarkson has mentioned a species of 
cotton, naturally of a crimson colour, as also growing in 
Africa, particularly in the Eyeo country; of which a small 
specimen was brought to Great Britain in the year 1796. 
He adds, tiiat " the value of this cotton would be great, 
both to the importer and to the manufacturer of muslins;*' 
that *^ the former would immediately receive eight shil- 
lings the pound for it, and the latter would gain ponside- 
rably more by his ingenuity and taste." ^ 

LdjCutenant Matthews abo, in describing the several 

* See <^ Anmerkungen ueber den Cattunbau, zum nuzon der 
Daenischen Westindischen Colonien, 8cc. von J. P. B. Von Rohr." 
Altona, 1793. H vols. 12mo. 
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species of cotton produced at Sierra Leone, mentions one, 
of a pale red or pink colour: and the late Mr. Br}'an Ed- 
wards, in his History of the West Indies, (vol. iii. p. 199, 
8vo.) mentions, as growing wild in the Spanish part of 
St. Domingo, " a species of cotton of which the wool is 
reddish.^ ^ 

Cotton offers to the industry and \vants of mankind a 
filaceous substance, which, without the tedious artificial 
preparation required for hemp and flax, has, during many 
ages, especially in warm climates, constituted the most 
useful, as well as ornamental and graceful parts of their 
clothing. Whatever obscurity or uncertainty there may 
be in some parts of Plitiy's History, relating either to silfc 
or cotton, there is but litde of either, in his account of 
the cotton of Upper Egypt,* growing on a shrubj which 
some (says he) call Gossipium, other Xylon, and the cloth 
made of its wool, Xylina. It is but small, and produces a 
fruit resembling the bearded nut, (filberd) from whose 
interior capsule, a fine wool is spun, which no linen can 
excel in softness and whiteness. Of this, he adds, are made 
those sacerdotal garments, in which the priests of Egypt 
greatly delight. 

Vossius thinks Gossipion, or Gosfiypium, to have been 
an Egyptian word; the Greek name of cotton (Xylon) was 
abbreviated from Eryxylon, which signified tree wool; 
and die German, Dutch, Swedish, and Danish names of 
cotton, have this signification. The Arabian name is ro- 
turn; and the English and French, probably, became ac* 
quainted with it, by joining in what were called the Holy 

• 

* Superior pars ^gypti in Arabiam vergens, gignit fruticemi 
quern aliqui Gossipion vocant, plures Xylon, et ideo Una inde facta 
Xylina. Parvus est, similemque barbatae nucis defert fructum, cujus 
ex interiore bombyce lanugo netur: nee lina sunt ei caudore inol- 
litiave preferenda. Vestes inde Sacerdotibus Agypti gratissimae.'* 
Lib. xiz. cap. i. 
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wars, and changed it to cotton^ and coton. The Italians also 
borrowed their name of cotone from the Arabs» and their 
other name of bombagia» from that of bombax, one of the 
names, by which the Latins designated the wool-bearing 
trees, ^^ arbor es lanigera^^ of Pliny, who, in his twelfth 
bookf chapter 3, notices a secondiimtj these wool-bearing 
trees in the country of the Seres; but so ambiguously, 
that I cannot help wondering, how it should have been so 
generally believed, that the Seres were Chinese, and that 
silk, rather than cotton, was in Pliny's contemplation, 
when he mentioned the wool of their trees.* The impor- 
tant benefits derived to mankind from the difierent spe- 
cies of cotton shrubs, have caused them to be cultivated 
more extensively perhaps than any other vegetable. In 
China, it is planted from Canton to Pekin, and from the 
western shores of that empire, to the deserts adjoining to 
Hindostan; and also along the coasts of the two Indian 
Peninsulas, with those of Arabia, and throughout the 
Mogul empire, and the innumerable islands of the Indian 
ocean. It appears to have been known from the remotest 
times, of which we have any account, in Persia, Hindos- 
tan, Kgypt, and ^Ethiopia;! ^^^^ ^^ found, also, by Co- 
lumbus, and succeeding adventurers to America, in all 

* Mr. Barrow, in a npte tp p, 436, of his travels in China, makes 
the following observation, *' Ptolomy the geographer, places Sericcf 
adjoining to Scythia extra Imaum^ corresponding with Cashgar, 
Tangut, and Kitai, countries famous for the cultiratlon of the cotton 
plant. It would seem^ indeed, from all the passages which occur in 
ancient authors, concerning the Serety that cotton was the substance 
alluded to> rather than silkf and that these people were not the pre* 
sent Chinese, but the Tartars of Kiui." 

t Herodotus, Lib. iii. 106, when writing of India» mentions trees 
growing wild, and instead of fruit, bearing a sort of wool, Bner and 
better than that of sheep; and he adds, that the Indians clothed 
themselves with wool gathered from these trees. Arrian, also, on 
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tfie intertropical coasts and islands on that continent. Its 
introduction to Greece, Malta, Sici{y» Apulia, and Spain, 
was probably effected by the Saracens. 

Such quotations might be multiplied, but I have given 
more than enough of them. 

' The structure of the fibres of cotton has not been well 
ascertained. Lewenhoeck, by microscopical examinations, 
found each of them to have two sharp sides; and it seems 
to be owing to this circumstance, qc to their possessing 
some asperities like the filaments of wool, that cotton 
greatly irritates and inflames wounds, ulcers, &c. if appli* 
ed to them instead of lint, firom which they diflfer totally 
in this respect; and perhaps the pardcular structure which 
occasions this diflference, also occasions some in the con- 
formation and number of their pores, to which we may 
probably ascribe the disposition which cotton manifests, 
to admit and retain colours better than linen, though not 
so well as wool and silk, because its vegetable nature does 
not aflbrd it equal attraction for colouring matters. 

M. le Pileur d' Apligny endeavoured to exfdain the 
cause, why colours are less durable when dyed in silk, 
cotton, and linen, that in wool, by supposing that the 
pores of the three first of these substances, were smaller 
than those of wool; and that therefore colouring particles 
could not enter into them so easily and freely as into 
those of wool. But the very reverse of this supposition 
seems true, there being little difficulty in making silk, 
cotton, or linen, imbibe colours, even when topically ap- 
plied cold, without any artificial dilatation of their pores, 
which is necessary in the dyeing of wool. The real di& 

the authority of Nearchus, says, the Indians clothe themselves with 
linea produced upon trees: and Virgii mentions the 

** Nemora JEthiopum moUi canentia lana.*' 

GXORG. iL Y. 130. 
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culty, therefore, is not in making them imbibe, but in 
making them retain, the colouring particles when imbi- . 
bed; because, being admitted so readily, into their undi- 
lated pores, they cannpt be aderwa«ds • compress^, and 
held therein, by any contraction of these pores, as is done 
in those of wool. We know tliat it requires twice as much 
cochineal, to produce a crimson on silk, as on wool; which 
is a proof that it can take up a greater quantity, and con- 
sequendy that its pores are at least sufficiently lai^, and ac- 
cessible: we know also, that unbleached cotton is always pre- 
ferred for dyeing the Turkey red, it beii^ found to retain 
the colour most permanently; doubdess, because its pores, 
or interstices are less open before, than after the operation of 
bleaching. This is also the case of raw or unscoured silk, 
which, as the ingenious Mr. Henry of Manchester, ob- 
^serves, is '^ more easily and permanently dyed, than that 
which has passed the above described process," of whiten* 
ing and scouring: and, indeed, the openness of the pores 
of cotton and linen, and their consequent readiness to im-. 
bibe, bodi colouring particles, and the earthy or metallic 
bases employed to fix most of them, are circumstances 
upon which the art of calico printing is in a great degree 
founded. To prepare and dispose cotton for receiving 
colours by dyeing, it is commonly boiled, in a very diluted 
solution of vegetable or fossil alkali, for about two hours, 
and afterwards rinced in clean running water; and for cali- 
co printing, it is soaked in water, acidulated with about 
one-fiftieth of its weight of sulphuric acid, and afterwards 
rinced thoroughly in a clear stream of water. Cotton bears 
the action of acids much better dian either wool or linen. 

Concerning flax, and its conversion to linen, so much 
has been written, both by ancient and modem authors, and 
its preparation for dyeing so nearly resembles that of cot- 
ton, that I may hq>e to be excused, for not discussing this, 
subject. 

Vol. L L. 
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CHAPTER UI. 

Of the Afferent Kinde and Propertm of colouring Mat- 
Her J employed in Dyeings Calico Printings &lr. 

" Toates les chote* Tiablet te diftingffent o« le rendent dearaUe par la oouleur." 

CoLBBBt. Inttruction general pmsT la Teiftture, &c. 

By cdouiiog matter, I uoderatand a subsUuice which 
possesscst or acquires a power of acting upon the rays of 
light, so as either to absorb them all, and t)roduee the 
sensation of Uack; or only to absorb particular rays, and 
transmit or reflect others, and thereby produce the perc^- 
tion of that particular colour, which beloDgs to the ray w 
rays so transmitted or reflected. 

Among minerals, the colouring maitler ci each is com- 
monly distributed equally to all its parts; but in animal 
and vegetatie substances, it generally exists in paftieobr 
parts, or particles, which are cMpebts of being extracted 
and collected for the puiposes of dydng, &c. 

Cdouring matters possess peculiar chemical properties; 
which dbtinguisb them from all other kinds of matter; for 
besides their several affinities with particular rays of light, 
they have others which render them susceptible of being 
act^ upon, and modified by a variety of chemical agents, 
as well as of fbrming permanent combinations with die 
iUamenla of wool, silk, cotton, linen, &c« But in respect 
of these affinities, colouring matters also differ eflsentiaUy 
from each other, and must therefore be allied in differ- 
ent ways, and with very different meaiks, to produce per- 
manent colours iti other matters. T^c yt of ^y^i gg ^ 
founded upon a knowle ^^of the jartinnlar iw^prtif '^ 
iScs o^ tBfearnifiSSre^ not onlvjas far ^^ they rel^ 

to the sy^ances ittieiuled tu be dvjSpbi^jako as&T^ 

0iey are connectedliflth the operations of other AgentsJ>y 
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wJ^ch they arc liable to be acted uy9n| ci^ r^pyJBg th^ 
Broceas of dycmg^ or afterw ards, 

[any speciea of wunoT an^Ti^^table colouring mat; 
ters, sufier nearly similar changes from the action of acids, 
alkalies, apid other chemical agents; from which it may 
be presujned, that there is something of a common, or 
similar nature, in the constitution of many of them. But 
though it would be highly useful to establish general 
principles and conclusions on diis subyect, we are not yet 
furnished with the necessary &ets; and whilst this con* 
tinues to be the case, it will be best to wait, or rather 
seek, for more knowledge, and avoid £Ulacious suppott* 
^ons or e9(planations« 

Sir Isaac Newton su|^posed cobured matters to reflect 
the rays of light; some bodies reflecting the more, others 
die less refrangible rays most copiously; and this he con- 
ceiyed to be the true, and the only reason of their colours. 
Mr. Delaval, however, has lately maintained (in the 2d 
vol. of the memoirs of the Philosophical and Literary So- 
ciety of Manchester,) ^^ that, in transparent coloured sub- 
stances, the colouring matter does not reflect any light; 
and that when, by intercepting the light which was trans- 
mitted, it is hindered from passing through substances, 
they do not vary from their former colour to any other 
colour, but become entirely black:'' and he instances a 
considerable number of coloured liquors, none of them 
endued with reflective powers, which, when seen by tram^ 
rmtted light, s^peared severally in their true colours; but 
all of them, when seen by incident light, a{^)eared 
black: which is also the case of black cherries, black cur- 
rants, and blackberries, &c., the juices of which appear 
red when spread on a white ground, or otherwise viewed 
by transmitted, instead of incident light; and he con- 
cludes, that bleached linen, cotton, &c. ^* when dyed 
or painted with vegetable colours, do not differ in their 
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manner of acting on the rays of light, from natural vege- 
table bodies; both yielding their colours by transmit- 
ting through the transparent coloured matter, the light 
which is reflected from the white ground:** it being ap- 
parent, from different experiments, " tiiat no reflective 
power resides in any of their component parts^ except in 
their white matter only," and that ** transparent coloured 
substances, placed in situations by which the transnussion 
of light through them is intercepted, exhibit no colour, 
but become entirely black.** 

" The art of dyeing, therefore, (according to Mr. Dc- 
laval,) consists principally in covering white substanced^ 
from which light is strongly reflected, with transparent 
coloured media, which, accordinjg to their several co- 
lours, transmit more or less copiously the several rays 
reflected from the white substances,'* since " the trans- 
parent media themselves reflect no light; and it is evi« 
dent that if they yielded their colours by reflecting, 
instead of transmitting the rays, the whiteness, or co- 
lour of the ground on which they are applied, would 
not in any wise alter or affect the colours which they 
exhibit'* 

Having had reason to differ from Mr. Delaval on 
other points, I am happy in being able to agree with 
him on this, so far as relates to transparent colouring 
matters, when applied to wool, silk, See. without the 
interposition of any earthy or metallic basis. But when 
any such opake basis is interposed, the reflection is, . 
doubtless, made principally by it, rather than by the ' 
substance of the dyed wool, silk, &c., and more espe- 
cially when such basis consists of the white earth of 
alum, or the white oxide of tin; which, by their strong 
reflective powers, greatly augment the lustre of colours. 
There are, moreover, some opake colouring matters, 
particularly the acetous, and other solutions of iron, 



Philoiopky of Permanent Colours. 85 

used to stain linen, cotton, Sec, which must necessarily 
tliemselves reflect, instead of transmitting the light by 
which their colours are made perceptible. 

It has been already mentioned, that when the rays of 
light are separated from each other by the prism, in 
consequence of their different degrees of refrangibility, 
they produce a perception of seven distinct colours, 
wi^ all their intermediate shades; and that diese are all 
equally simple and primitive. There is, however, this 
peculiar property belonging to the red, yellow, and blue 
colours, whether prismatic or permanent, that they are 
incapable of being produced, like all the rest, by the 
conUmation of any other colours. Blue and red will 
compose a purpfe; blue and yellow, a green; red and 
yellow, an orange. Sec; but none of these, by any com- 
position, will produce either the blue, yellow, or red: 
these last, therefore, are in all cases simple or uncom« 
pounded;^ but all the others may be, and in reality are, 
sometimes smiple, and sometimes compounded; and 
this is true not only jof those which are merely prisma- 
tic colours, but of those which exist naturally in bodies, 
or are communicated by painting, dyeing, Sec. Iron, as 
has been already mentioned, will, by different degrees 
of oxydation, produce all possible varieties of colour; 
and these colours will be all simple, or uncompounded; 
and so will the purple of gold, the green of copper, and 
the other colours found in the several oxides of metals. 
This is also the case of the violet and purple dyed from 
logwood; of the green of the leaves, Sec. of vegetables; 

* Du&y would only admit of three primttiTO colours, red, blue, 
aad yellow, because with these dyers and painters can readily 
compound all the others; and a late writer, adopting Dufay's opi- 
nion on this subject, says, the colours of the prism are immaterial, 
accidental, and artificial. But those of the dyer and painter are 
substantiali natural) and palpable. 



and of ^c orapgf dyed from die quercitron hsfxkf as 
w jU f)e bef pafter mcntipi^^ And anumg anifnal . coi- 
Tours, numerous inst^ces quiy bp allegied of simple or 
PPP9WE9und€d grftns, orange*, purples, and vaof^ts: 
^yeii tl^e yellowish whit^ Ih^^T of the inurex, and buc- 
cinum, from wljicb.the celebrated Tyrian pun4e wa9 
j^odticed, pfss^§ fmi^kly ^qugh b1\ the sliades of yel- 
few, green, y^ojpl, and pijiple, upon being e^pQ8e4 to 
j|ie sifOj and these fi^ift n99S?S?rily bp deemed ^mipli^, 
9Qt con^Ropqd cqlo^ra. B^t on the otljcr hand, dyers, 
painters, 8cc d^y prpjJnce orjigg?, greep, purple, and 
violet^ by ipi3i;turps ofx\ic.\3^, ]^)iow, ap4 f^* nor is 
it necessary that these f bpuld be inttfi^tcly mixed, 
since cloth woven fro|n a rjcd Wf^rp, and a blue WOQ^ 
will appear to be uniformly purple or violet; or if the 
warp be y^)low instead of red, the cloth will appear 
green^ in eacl^ case exactly resembling the simple ho* 
inogeneOus cplour, )vhicb, in tl^e prismatic series, lies 
(between the colpur^ of the w^p and woof. It has mqre- 
over been repeatedly found in dyeing compound co« 
lours, as for instance, green, that laying a permanent 
blue over a fugitive yellow, does not defend the latter, 
or make it in any degree more lasting, but that it will 
decay (leaving the blue in full strength) as rapidly as 
if no blue had been applied; and tfierefore we may pre- 
sume, that the fibres of the dye^ stuff were but pMtly 
covered with the yellow colouring matter^ and that 
when the blue came to be afterwards added, its parti- 
cles found spaces sufficiept to lodge, themselves collate* 
rally, without being placed upon the yellow particles- 
Several atteitapts have been made to arraxige and 
class the difierent species of colouring matters employ- 
ed for dyeing and calico-printing; but none seems to 
accord with, or give just ideas of, their several natures 
and properties. M. Berthollet, indeedt alleges sufficient 
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mtsons ftr tiot tfvldSfig 'thbse matters^ a» Mr; Macquer 
did, into extmcti^e and TisiUous, aiid bhd fdr not itedc^ 
ing their efiects dtpemli as Mr. Poemidr has donte, upon 
tbe lmiGibgiB0U8| learthy, sating, re$inou9^ br oiiy patts 
of tirbiCli Ihey wtre ftuf^poised to be compofundM, but 
witbbat proposing any suitable arrangement of his dwri. 

To me» hofrevei^ cdourtng miatters se^m to fall na- 
turally Under two general claases; the first including 
^ose mifttei^ which, when piit into a stijte of sfalution^ 
mny be fixed widi iSH the pel'manency of wUeh they 
ar$ aiiscfeptibley smd nlade fuHy to exliibit diiir colours 
in or upon the dyed aiiibstance, without the interposi- 
tion of any earthy <»* metdlic bUi^ and the secohd^ 
cbnqirefaeihding aU thdsi niatiers which are incapable of 
being so fixed, and made to display th^ proper colours, 
without the mediation of some such basis. The colours 
of the first class I shall denominate substantive; using 
the term in the same sense in which it was employed 
by the great Lord Verulam, as denoting a thing solid 
by, or depending only upon, itself; and colours of the 
second class I shall call adjective^ as implying that their 
lustre and permanency are acquired by their being ad- 
jected upon a suitable basis. 

£arthy and metallic bases when thus interposed, 
serve not only as a bond of union, between the colour- 
ing matter, and the dyed substance, but they also modi- 
fy (as well as fix) the colour; some of them, particularly 
the oxide of tin, and the earth of alum, exalting and 
giving lustre to most of the colouring matters, with 
which they are united; whilst others, and especially the 
oxide of iron, blacken some, and darken almost all such 
matters, if made to combine with them. 

Substantive colouring matters are but few in number, 
because a few only of the substances employed in dyeing, 
possess such decidedly energetic affinities, as to be able 
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to contract a permanent union nvith the stufis to be 
dyed, merely by being applied to, or brought into con* 
tact with them. This is more especially true of Unen 
and cotton; for in regard to wool, several of the adjec- 
tive colouring matters, particularly those of Madder, 
Cochineal, Kermes, and Lac, are so much attracted by' 
it, that with the aid of boiling water they fix themselves 
in, or to, the fibres of wool, so as to produce colours of 
some, though less durability, than those which would 
have been produced if a basis of alumine, or the oxide 
of tin, had been also applied; and without such basis, 
these colours never rise so high, or acquire so much 
lustre, as they would have done therewith. 

Of substantive colours, I shall first notice the animal, 
next the vegetable, and, lastly, the mineral. 
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CHAPTER IV. 



OfSui^antme Animal Coiours^ and principally of the 

Tyrian Purple. 



.C( 



Tyrioque ardebat mwrice lana." — Virg. JSrieidt Uh. iv. 



** HuSe^iUMs 9ec%tre9 que Homofut vinrnfitdunt: idemque pro WHtjestate poeritie 
dirttayiit «^ equke Cttriain: JHU ndvocatur placandu: oroneinque vestem Ulu- 
nuDat: in triumphali miacetur auro: qua propter excusata ct purpura sit insania." — 
Can PUnU Mctmdi mtt Idb. iz. cap. 96. 

This^ during many ages, was the mosjt celebrated, and 
venerated of all the colours given by dyeing; and aniong 
the rich and beautiful, it seems to have been the first 
which mankind were enabled to fix permanently on 
wool, and linen. It was obtained from a whitish half- 
fluid matter, secreted by particular organs in certain 
univalvular shell fish, and retained in an appropriated 
receptacle, with which they were each naturally pro- 
vided; though we are completely ignorant of any bene- 
fit which this secretion produced to the fish themselves. 

There is much obscurity, and some iitconsistency, 
in the accounts transmitted by ancient writers of the 
shell fish, which afforded the purple dye. Those gf Pli- 
ny are the most copious and intelligible, though they 
are sometimes at variance with each other. He mentions 
these fish under the several names of Conchylium, Mu- 
rex, Purpura, and Buccinum; and these several names 
have been also employed by other Latin authors. But 
Fabius Columna, a noble Neapolitan, who first publish- 
ed figures of plants, from engravings made by his own 
hand, and wrote a learned dissertation de purpura^ 
(printed at Rome in 1616) after much pains employed, 
to elucidate and reconcile the different passages of an- 
cient writers on this subject, thinks himself warranted 
to conclude that there were but two kinds or genera o{ 
these fish, viz. the purpura and the buccinum: that the 

Vox. I. M 
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term eonchyliumj signified generally all the ^cies of 
purpuras, and that it was alto used, sometimes to signify 
the purple colour itself; that Pliny employed it in ^ 
former sense, in the 41at chapter of his 9th book, and 
in the latter, in the S6th chapter of the same book; that 
t)ie term murex, was also used as a generic name for 
the purpuras; and consequently that both conchylium, 
and murex, were synonymous, of the purpura; ^^ qua- 
rum alterum a conchb nomen, alteram ab aculeis, qui 
alio nomine murices dicuntur." I am afraid, howerer, 
that Pliny was neither constant nor correct in using 
these names, even in the ways by which Columna en- 
deavours to render him consistent and intelligible: for 
in the chapter last quoted, he mentions the purpuras, 
and the murices, as being different fish, and compares 
their respective habits, &c., adding as a peculiarity of 
the former, " Sed purpuras florem ilium tingendis ex- 
petitum vestibus, in mediis habent faucibus: liquoris 
hie minimi est in Candida vena^ unde pretiosus ille 
bibitur nigricantis rosas colore sublucens." It seems 
probable that the term murex,^ was in this instance 
erroneously substituted for buccinum; as he proceeds 
to state that all the shell fish yielding the purple, or 
other lighter colours of the conchylia, are in matter the 
same^ and differing only in temperament; that they are 
of two kinds, (** duo sunt genera'^) one which is the 
lesser kind, being called buccinum^ from its likeness to 
the horn or comet, so named and employed to produce 
sound by blowing through it ("quo sonus editor.*') 
These last he describes as being round at the aperture, 
with a serrated margin. The other kind, says he, is 

* *^ Murex cochlea est maris, dicta ab acumine et asperitate quae 
alio nomio^ conchylium nominatur, propter quod circumcisa ferro, 
lacrymas colons purpurei emittat, ex quibus purpura tingltur, inde 
ostrum appellatum," Sec— Isidorus, lib. 3. Origin, cap. 6. 
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called purpUray Mid has a projecting pipe-shaped beak 
(rostnim) with a laleral winding cavity, through which 
it puts forth its tongue; the body of the shell is more- 
over muricatedi or armed, even to its upper pointed 
extremity, with rows of ^ines, seven in number; which 
are wanting in die buocinttm. This last, he adds, ad- 
heres to rwks and large stones, whence it can alcHie be 
coMec(ed« 

In the satnb chapter, Pliny tells us, that the best pur- 
pura found in Asia, were those taken in the sea ad- 
joining to Tyre: that in Africa the most esteemed were 
those of Meninx (Meninge,) and the ^esk coast of Ge- 
tulia: and in Europe those of Laconica. He adds that 
the Tynans, when they caught any of the greater pur- 
purm, took the fish out of their shells, the better to 
extract the cokNiring matter, but that they obtained it 
ftOBk the smaller by grinding them in mills. That the 
fidiermen endeavoured to take the purpk fish alive^ 
because it otherwise ejected and lost its precious liquor^ 
together with its life. But on this point he seems to 
have been misinformed, there being good reason to 
believe that thb fish never ejects the liquor in question.^ 
He adds, moreover, that this fish dies speedily, if put 
mto fi-esh water, but that it will otherwise live upon its 
own saliva, fifty days after being taken. 

In the next chapter, Pliny tells us, that the purpuras 

were also called pelagup^ (probaUy from their inhabit* 

ing the ocean) and that there were several varieties of 

them, named difierently from the pkK:es where they 

. Were fbund, and the food on which they subsisted; and 

* This is, at least, true of buccinum, whose colouring matter t 
found unaltered som^ dajs after the fish, or Umax had died slowlf, 
hj being kept seven or eight weeks without water, and it was not 
until putrefiiction had made a $emibk progress, that the colouring 
teatter becanns incapable of producing its prqper effect. 
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he afterwards describes the manner in which they were 
caught. In his S8th chapter, he slates, that when the 
purpuras were caught, the white vein or receptacle, be- 
fore described, was taken out, and laid in salt for three 
days, after which a sufficient quantity of the matter so 
extracted and salted,* was boiled dowly in leaden yes* 
sels, over a gentle fire, the workmen from time to time 
skimming off the fleshy imp^rities: this process la^ed 
ten days, after which the liquet was tried by dipping 
lyool into it, and if the colour produced by it was dei^ 
fective, the boiling was renewed. Pliny afterwards er- 
roneously represents the liquor of the buccinum as only 
yielding a fugitive colour; and says it was commmily 
mixed with more than half as much of the liquor of the 
pelagium, whieh of itself gave a very dark purple; and 
that being so mixed these liquors imjM^ved each other, 
the latter giving permanency to the former, and being 
m return brightened and enlivened by it; and thus pro* 
ducinga most beautiful amethyst colour. (^' Amethysti 
color eximius ille.") He adds, that the Tyrians pro- 
duced their purple, by first dyeing the wool with the 
unprepared or greenish liquor of the pelagium, and af- 
terwards in the liquor of the buccinum, and that this 
colour was deemed most perfect, when it resembled 
the colour of coagulated blood, &c. ^^Lausei summa 
color sanguinis concreti, nigricans aspectu^ idemque 
suspectu refulgent unde et homeVus purpureus dicitur 
sanguis." 

In his forty-first chapter, Pliny farther tells us, that 
it not being thought sufficient to transfer the colour of 
^e amethyst to wool, it had become the practice to dye 
the latter again, with the Tyrian purple, that it might 
obtain a compound name (Tyriamethystus,) corres- 
ponding with this double luxury: and that being satu-* 
rated with colour of the conchvlium, it was deemed 
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Itter to receive the Tyrian dye. He adds, ^t not con- 
tent with thus combining colours obtained from the 
ocean, recourse was also had to those produced on the 
land; and that wool, or cloth, dyed crimson, from the 
coccus (kermes,) was afterwards made to imbibe the 
T)rrian purple, in order diat it might assume the colour 
which was named hysginus^ after a flower so called; this 
ccdour partook greatly of the crimson tint. But besides 
die coccus (kermes,) other colouring matters were em- 
l^oyed, sometimes to economize, and at others to vary 
the eflects of the liquors of the purpura and buccinum; 
and more especially that of the lichen roccelia, or archil, 
which Pliny mentions under the name ofjucus marinusy 
and which, even at this time, is greatly employed in 
dyeing, though its beautiful purple colour fades rapidly. 
Indeed, this lichen, or moss, was in such general use as 
a dye, at and before the time when Pliny wrote, that its 
Tizmtfucus -came at length to signify generally, colours 
given by dyeing; of this, among numerous other in- 
stances, may be quoted the following line, by Catullus 
(de Nuptiis Pelei et Tetidos,) viz. 

" Tincta tcgit rosco conchylis purpura fuco.** 

Of this fucus, that from Crete was the most esteemed. 

Pliny tells us also, Lib. xxii. cap. 17, that the alka- 
net root, (anchusa tinctoria) was likewise employed as 
a ground for the purple dye. 

By these and other means, the purple colour was 
made to assume a variety of shades, some inclining 
more to the blue, and others more to the crimson. The 
principal of these varieties were noticed by Pliny, in the 
eighth chapter of his twenty-first book, when, after 
mentioning the luxurious art by which men had sur- 
passed the savour of natural Jlowersj by artificial odours, 
he adds, that they had also learned by dyeing, to emu- 
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kte tlie fineat cblours of thtee flowi^rs; and that ^ thest 
beautiful dyes there were three dirisions; one in which 
the coceus (kermes) <? as employed, and which equalled 
the brightest colour of the rose, (" qui in rosis micKt;") 
and here he observes, that nothuig could be more 
grateful to the sight, than the Tyrian and Laconicari 
purples, especially when twice dyed (dibaphasque."^) 
In the second division he mentions the amethyst^ in« 
citnin^ to the violet; and also the purf^ called janthi* 
nii8«t His third division includes the colour strfetly 
called conchylium, of various tints;X one resembling 
the heliotrope or turnsole, of which, says he, there are 
several shades; another approaching the mallow, with a 
mixture of purple, and a third, resembling the later 
violet, C' viola serotina," probably the purple stock 
gilly-flower:) this he mentions, as being the richest co- 
lour that could be obtained from the purple shell fish: 
and thus, says he, nature and art striving *against each 
§ 

* Horace alludes to this t\vice dyed purple, (purpura di bapha) 
in the following lines. 

^' Te bia afro murice tinctx vestiunt lanae"— -and 
<' Muricibus tyriis iterate vellera ladae/* 

t The amethyst purple was lighter, and partook more of the blue 
tint than the dark Tyrian dibapha: that variety of il called janthi- 
nus was so named from ja, a species of violef. 

I Lucretius de rer. nat. 1. vi. says of this cekmr: 

« Purpureusque color conchyli jungitur una, 

Corpore cum lana." 
It was ligbterand had less body than the Tyrian purple, being 
dyed with half the quantity of the liquor of the purpura; it also in- 
clined more to the blue, whence it frequently acquired the names 
of hyacinthus, and cxruleus; and, from its having less body, thfhe 
of color dilutus, and ablutus; which last word by abbreviation is 
supposed to have produced that ofbhttM; Whence the French bleuj 
the English hlue^ and the German blau. Braun says this €ok>ur is 
called thechelH in the Hebrew Bible, and the shell fish producing - \ 

it chilzon. Braun de vests. Sacerd. Hebraeor. i. 12. 
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qidier, maintain an equal conflict. ^* Paria nunc compo- 
mintur, et natura atque luxuria depugnant/' 

Various (and probably fabulous) accounts of the first 
discoyery of this purple, have been related by different 
writers. One of these ascribes it to a dog, who, when 
f<^vMng the nymph Tyros, and a certain Hercules her 
lover, along the sea shore, caught one of the purpura 
lying on the sand, and breaking the shell with his teeth, 
his mouth became coloured with the purple juice, which 
thb nymph observing, expressed a strong desire to ob- 
tain a dress dyed of this colour. And the lover anxious 
to satisfy her desire, discovered by a proper examina- 
tion, how thb beautifiil purple might be obtained, and 
communicated by dyeing.^ And the nymph, by whom 
the purple so discovered was first worn, being named 
Tyros, the colour is supposed to have thence obtained 
the appellation of Tyrian puiple. Others have related, 
that this discovery was made by the Phoenician Hercu- 
les,t and afterwards communicated it to the king of 

* See Cassiodorus, lib. i. and Julius Pollux, lib. i. 4.; from th^ 
latter, Poljdore Virgil has taken the storjr. 

. t Sir Christopher Hawkins, in his ^< Observations on the tin trade 
in Cornwall,** (lately published) mentions this Hercules, as one 
said to have been the greatest Phoenician navigator, << and the first 
who brought tin from the Cassiterides, or British isles:" and, ad- 
verting to the story of his having also "^ invented the nhtU fmrfiU^ 
by accidentally remarking that a dog's mouth was stained there- 
with," tie pbserves, that ^ as both these discoveries are attributed 
to the same person, we may thence infer, that the tin of Britain 
waa an es9qitiql ingredient in fixing the fine purple dyes of ilie 
ancients; or, (adds Sir Christopher,) as Mr. Polwhele elegantly 
expresses it, *^ very possibly the purple dye of the Tyrians, gained 
its high reputation among the ancients, from the use of our tin, in 
the compoiitioD of the dye stuff, as the tin trade was solely in their 
own management/* On this subject, however. Sir Christopher, 
perhaps, from a partiality in him, both natural and excusable, to- 
wards Cornwall, has departed from his usual logical accuracy, and 
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Phoenicia, who thereupon, immediately began to wear 
purple. (See Goguet, 1. ii. ch. 2.) That this colour first 
became known at the city of Tyre, and dience obtained 
its name, is rendered probable by the fact, of its having 
also borne the appellation of SarranuSj from Sarrcy the 
name by which that city had been previously distin- 

hazarded an inference which his premises do not trarrant; for 
though it were true) that tin was first carried to Tyre^ and th^ 
shell purple first discovered there, hy the same fiermmf we should 
have no right to conclude that the former was necessarily employ- 
ed to produce the latter; and there is not only no evidence that 
this ever fva»i but on the contrary, many facts prove that it never 
could licnfe been the case; indeed, my own experiments will show, 
that the colourable matter of the buccinum attains its beautiful 
purple, and fixes itself permanently, without any other aid than 
that of solar light, and also that solutions of tin are completely use- 
less for either of these purposes: nor is there the smallest reason 
to suspect that they ever were employed fi>r dyeing, until the se- 
venteenth century. 

In another paragraph, which Sir Christopher has subsequently 
quoted from Mr. Polwhele, the latter supposes, that the Phoeni- 
cians must have known the use of tin, ^ as one of the non-colour- 
ing retentive ingredients;" because, << it is not likely that the sim- 
ple blood of the shell fishy however beautiful at firsts could have 
proved a lasting dye;** and, therefore, he imagines, that ^^ some 
retentive ingredients," (like << tin dissolved in aqua fortis,") << must 
have been necessary to secure its brightness^ and preserve its beau- 
ty."— The ^ brightness and beauty of the »< simple blood of a shell 
fish! J'* Of the ^^purpuray* and the buccinum!!! As well might 
Mr. Polewhele expatiate on the brightness and beauty of the sim- 
ple blood of the oyster and the snail; and suppose that by the help 
of tin, they would produce the I'yrian purple. How an idea so ex- 
travagant, and so indicative of gross inattention to the common 
productions of nature, could have occurred to this gentleman, I 
know not, unless he derived it from the following lines of Mar- 
tial, viz. 

(( Sanguine de nostro tinctas, Ingrate, lacernas 
Induls; et non est hoc satis: esca sumus." 
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guished; and, hence the following line of Virgil, (2 
Georg. 506.) 

<< Ut gemma bibat) et Sarrano dormiat 0%tro** 

Reqxcting the time when this diacoveiy was first made^ 
the more ancient writers do not agree, some stating it to 
have been about 1500 years previcrus to the Christian aera, 
and others almost a century later, whilst Minos reigned 
in Crete. 

Pliny appears to think, that purple had been worn at 
Rome, soon after the building of tluit city, but that even 
Romulus never wore it, except in his trabea^ or regtd 
mantle: and he states, as a certain fact, that TuUus Hos- 
tilius was the first king of Rome, who assumed the pre* 
texta or \aa^ robe, with Mmu/ purple stripes, after having 
subdued the Tuscans. He adds, *' Nepos Cornelius, who 
died in the reign of Augustus Caesar, when I was a young 
man, assured me that the light voilet purple had been 
formerly in great request, and that a pound of it was com- 
monly sold for 100 deiiaria, (nearly 4/. sterling: ) that soon 
after the tarentine or reddish purple came into finhion; 
and that this was followed by the Tyrian dibapha, which 
could not be bought for less than 1000 denaria, (almost 
40/. sterling) the pound; which was its price when P. Len* 
tulus Spinter was ^dile, Cicero being then ConsuL But 
after this, the double-dyed purple became less rare, &c.'' 
See lib. iz. c. 39. 

As soon as mankind were acquainted with the purple 
as a dye, they seem to have considered it, not only as being 
of all others the most estimable in itself, but also the most 
acceptable to the gods. It was, therefore, naturally ap- 
propriated to the services of religion, and of its ministers, 
as well as to distinguish the highest civil and military dig- 
nities. Pliny has noticed the use made of it by Romulus, 
and succeeding kings of Rome, as well as afterwards by 

Voi. I. N 



9$ PhUo90phy qfPermanefU Colours. 

the consuls, and higher magistrates o( the republic. Under 
the Roman Emperors, it became the peculiar cmbkmt 
or symbol of majesty, and the wearing of it by any who 
were not of the Imperial &mily , was deemed a treasonaUe 
usurpation^ punish^le by death; as was mentioned by 
Suetonius. (Vita Neronis.) Hence the expressions of 
^ saoer mures/' and of *' adorars purpuram^*^ inthe Ro* 
man laws. (See Bischoff Versudie, &c.) 

When so much importance and sanctity (if I may uae 
tfiis expression,) had been at&ched to this cotour, the dye« 
ing of it was confined to a few particular places, and also 
to a few persons called muricileguU; and we need not 
dieirfore wonder, diat after die Grreek empire had been 
overthrown, the knowledge of the shell-fish afibrdtng the 
purple colour, as well as the ways of emplo3ring them as a 
dye, should have been completely lost in the 12th century; 
and that aft e rwar ds, when learning began to revive, some 
persons should have doubted, whether either of these had 
ever existed; nor need we wonder, after this loss, that the 
high pre-eminence which had belonged to the purple, was 
In a considerable degree transferred to the scarlet, afibrded 
by die kermes; which after being called redpurplcj at 
loigth obtained the name (unknown to the ancients) of ^mr- 
/rf,* as we learn among others from Caneparius, who in 
his wwk dcAtramentis^ p. 207, after mentioning that the 
ancient purple then unknown^ had formerly ^tinguished 
emperors, kings, Sec. adds, '^ Nostra autem state (die 
beginning of the 17th century) hujuscemodi vestes vo- 
cantur scarlatij quibus VenetUs illustrissimi, Senatpres 
procedere conspiciuntur." — Agairf, in the next page 
he says^ ** Quamobrem ubique, et Venetiis praeserttm 

* This colour afterwards obtained the name of Venetian warletf to 
diadngttish it from the, brighter colour, now called acarlet, and which 
had never been seen until Cochineal, and the effect of solutions of 
tin upon its colouring matter, were discoveredi about the year 16^. 
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maxfane existinuitur purpura, vulgari dictioae, dicta ei • 
earJatumj pro illuatrissimia patriciis insignieiidis." Hm 
mokdons idso that the viokt purpte was then commonly 
called '^ el FavonazzOj^* by the Italians. It wis probably 
then dyed £rom archil only. 

It haf^ieDed, however, more than sixty years after the 
work of Camiiparius had been printed at Venice, that 
Mr. WiUiam Cole, of Bristol, being at Minehead (viz. 
in 1683,y he was there told, of a pcnoa living at a sea- 
port in Irdand, ^* who made considerable gain by mark- 
ing, with a ddicate durable crimson colour, the fine 
linen of ladies and gendemen, sent to lum for that pur* 
pose;'' and that tins cokmr was ^'made by some liquid 
wbstance, taken out of a shett-fisb.'' Mr. Cole being a 
fanrer ci natural history, and having Ins curiosity thus ex« 
cited, went in quest of diese sheU-fish; and after trying 
various kinds wiithout success, he at loigth found const* 
dendble quantities of a species of bucoinum on the sea^ 
coasts of Somersetshire, and the opposiBbc coasts of Soudi 
Wales; and after many ineflfectual endeavoura, he dis* 
covered the colouring matter placed in a ** white vein, 
lying transversely in a little futrow, or deft, next to the 
head of the fish;" which says he, ^* must be digged out 
with the stiff point of a horae-hair pencil, made short and 
tapering, by reason of die viscous dammmess of the white 
liquor lb the vem, diat so by its stiffiiess it may drive in 
the matter into the fine Unen, or while silk,'' intended to 
be.markcd. Lettera or marks made m Ais wuy^ with the 
wliile liquor in question, ^*w91 presendy,'' adds he, 
'^iqipear of a pleasant green colour, itfxl if placed in the 
aun, will change into the following colours, i. €f. if in the 
winter, about noon, if in die summer, an hour or two 
after sun^rise, and ao mnch before setting (for in the heat 
of the day in summer the coloura will come on so iast, 
that the sucoessioii 9f each colour will scarce be distin- 
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guisbaUe;) next to th» first light green, will appear a 
deep green;" *' and in a few minutes this will change 
into a full sea green; after which, in a few minutes more, 
it will alter intd a watchet blue; from thai, in a little time 
more, it will be of a pur[dish red; after which, lying an 
hour or two (supposing the sun still shining,) it will be 
of a very deep purple red; beyond which the sun can do 
no more." He remarks, however, ^^ that these changes 
are made faster or slower, according to the degree of the 
sun's heat;" '' but then," adds he, '*the last. and moat 
beautiful colour, after washing in scalding water and soap, 
will (the matter being again put out into the sun or wind 
to dry) be much a difiering colour Sram all those men- 
tioned, i. e. a &ir bright crimson, or near to the Prince's 
colour; which afterwards, notwithstanding there is no 
styptic to bind the colour, will continue the same, if well 
ordered, as I have found in handkerchie& that have been 
^ washed more than forty times; only it will be somewhat 
allayed from what it was^ after the first washing." Mr. 
Cote found, that, if linens marked with the white liquor 
in question were taken out of the sun, when the colours 
had only reached any one of the before mentioned shades, . 
and shut up between the leaves of a book, the colour or 
colours made no farther progress whilst so shut up, but 
remained always of the same shade. He also found, that 
whilst linen marked with the white liquor Mras diying by 
exposure to the sun, far the first ttmcy it wouU always. 
^^ yield a very strong foetid smell (which divers who smdit 
it could not endure,) as if garlick and assafo&tida were 
mixed together;" and this happens in cases where linen, 
after being marked, had been sliut up in a book for twelve 
months, before it was exposed to the sun's rays. He also 
found, that the colour in linen which had been dried, and 
washed immediately after being marked, was better than 
when it had lain fourteen months between the leaves of a 
book, unwashed. 
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' Mt. OJe sent some of the first liiien marked by him 
in thb way, to Dr. Plot, then one of the Secretaries of 
the Royal Society, ui November, 1684; and it was soon 
d&tr shown to king Charles the Second, who admired it 
greatly, and desired that some of the shell«fish might be 
collected and brought to town, that he might see the 
liquor applied, and the successive changes of colour which 
it underwent; but before this could be done, the king 
died; and though Mr. Cole's letter (from which the pre* 
ceding extracts were made) was in the following year 
published, in the fifteenth volume of the Philosophical 
Transactions, and excited the attention of philosophers 
in most of the countries of Europe, it does not appear 
that any attempt was made to revive the practice, along 
with the knowledge, of dyeing the ancient purple. 

After an interval of twenr^*four years^ M. Jussieu 
found a small species of buccinum, in form resemUing 
the garden amdl, on that part of the French coast 
which is washed by the Atlantic ocean, and presented 
some of diem, in ibt year 1709, to the Royal Academy 
of Sciences at Paris; and in the following year, the 
celebrated M. Reaumur found great quantities of the 
buccinum on the coast of Poitou; and he morever ob- 
serveds that the stones, and little sandy ridges round 
which these shell-fish had collected, were covered with a 
kind of oval *^ graines," some of which were white, and 
others of a yellowish colour; and having cdlected and 
aqueczed some of these upon the sleeve of his shirt, so as 
to wet it with the fluid or liquor which they contained, 
he was agreeably surprised, in about half an hour, upon 
finding it stained of a fine purple colour, which he was 
miable to discharge by waging. This was done upon the 
sea-shore. He next collected a quantity of these grains, 
and carrying them to his apartment, bruised and squeezed 
dtfinent parcels of them upon bits of linen; but to his 
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great suiprise, after waiting two or three hours, oo colour 
speared upon the spots wetted wiA their Jiquor* Unafaie 
to conceive the reason of thn disappointmcitt, and havifig 
ahnost determined to return again to the sea-shore, and 
repeat his experiment in the same fdace as befixe, he 
chanced to perceive some purple ^^xits, occaskmed by 
drops of the Uqpor which had accidentally lallen upoo 
a part of the pbislcr of Paris with which the sides of the 
window were covered, and wliich, having been mom 
strongly acted i^xxi by the light, dsn the bits of linen 
in^tted with the same liquor in the interior part of the 
room, had become puiple, though the day was then 
cloudy. Without, fai^rever, perceiving this to have been 
the cause of his dissqipointaaent, he broke offa bit of the 
same piaster, and carrying it to the bade part of the room, 
where the bits of linen in question were laying, he wetted 
it with the same liquor, without its becomii^ cotonrod* 
He then thougbt of carryu^ the coloudeas bits of linen 
to the window, which was open, and there he soon per« 
ceived them to become purple. It was then ftshionafaie 
to ei^fdain all effects upon flaecfaanical principles, as k had 
been at the time wbtsn he also eadeavourod to account 
&r the shock of the terpcdo, as resultiog meehameaib/ 
from a very quick stroke givm by the contraction of par* 
ticuJar muscles in that fish. M. Eeanmiir, dierefbve, soon 
persuaded himself, and others, that the bits of linen which 
had remained odourless whibt at the back part of hia 
room, were rendered purpleat the window by the difier« 
ent manner in which the air acted upon die colouring 
liquor in the latter; and that tiiis difference oonsistod 
solely in the air's having greater motion at the window, 
than at a distance from it; and almost idl his subsequent 
experiments, seem to have been calculated to confirm 
this erroneous hypothesis. 
He [daced bits of linen, just wetted with the cdouring 



liquor, in the open air, and hying a stone upon each, ha 
fattod the oovcred part renain colourless, whilst the rest 
were made piuple; which he ascribed to the mechanical 
impreaaion of wind, not conmdering that the stCHies kept 
off the light, as well as the air. — ^Having read an account 
of Mr. Cole's obaenrations, in the Philosophical Transac- 
tions, M. Reaumur exposed a bit of linen, wetted with 
die cdouring liquor, to the rays of the sun, collected by 
a small burning g^aas, ud saw it become purple in an 
inalant; and oonsequcndy, without being able to distin** 
guish UKff of the changes of <:olour through which it had 
ao tapidly passed. Pottii^ another bit of linen, wetted 
with the same liquor, so near to the fire that it would have 
burned had it been dry, he likewise safr it become purjd^ 
immediately; but with equal degrees of heat, the effects 
produced by the sun's rajrs were beyond comparison die 



M. Reaumur coooeived the grains in question to be the 
eggs or spawn of some ftsh, but whether of the bucciouna^ 
or any odier species, he was uncertain; and under this 
uticeriain^ he proposed csdlii^ them '^ Qeu6 de pour* 
pre," eggs of purpJe. The colour which they produced^ 
was at least equal, if not sopcarior in beauty, as well as 
durability, to that of the buocinum; though the colouring 
liquor of the latter was much thicker than that of the 
purple €ggBf and not liabte to pass through the diflerent 
dia^^es of ccfeurs so quickly as that of the eggs, except^ 
ing when dtf uted. Having put some of this diluted liquor 
into two c^waes, and placed one of them m contact with 
the sun's rays, and the odier near the fire, the former 
became purpk widmut any srasible addition of heat, 
whilst that whSob was at the fire had only began to ac* 
quire the first shade of colour, though it was sensibly hot: 
and indeed he always fi;>und the coburs produced by the 
sun to be more beautifid than any others; a circumstance 
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he endeavours to explain, by 'supposing its rays im 
act mechanically, in changing the figures or arrangcmenti 
(tf the particles of the liquor, in the same way as he sup- 
posed the wind to chai^ them, but with more efficacy. 
M. Reaumur perceived the same disagreeable smell of 
garlick from the liquor, which Mr. Cole had before men- 
tioned; and he found it the mcnre insupportable, as the 
heat of the sun or fire was the strongest. The colour oi 
the liquor was not produced, or aflfected either by vege* 
taUe alkali (carbonate of potash), or sulphuric acid; but 
a very fittle corrosive suUimate of mercury, put into the 
diluted liquor cX the buccinum, instantly rendered it Uue^ 
and the cdour was soon precipitated with the mercury, 
to the bottom of the vessel, leaving the liqu 9 colourless; 
an eflfect which, as usual, he endeavoured to explain me- 
chanically, by supposing the sublimate to consist of little 
^obules stuck round with sharp points, which enabled it 
to change the arrangement of the parddes of the liquor 
more expeditiously, even than he had supposed it dcxie 
by the wind. He found that the liquor of the buccinum 
tasted as hot as the hottest pepper, whilst that of the 
pur[de eggs was saltish; but 'even this was so viscid, that 
it did not run, when topically applied to linen. Sec; and 
as the eggs were, according to M. Reaumur's account,* 
so plentifiil, that one man might cdlect half a bushel of 
them in a few hours, there certainly b reason to think, 
tfiat they would be highly iisefiil, at least in calico print- 
ing, where their liquor m^t be applied, with the greatest 
fiicility, both for penciling and printing, as a substantive 
topicid colour, and where a sm^ quantiQr would go far, 
especially upon fine muslins. But at that time the art of 
odico printing had not been practised in France, and 

* la the Mem. de TAcad. Roytle des Sciencei, 3co. an. in 1. 
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liierefi)rc nobody thought of applying M. Reaumur's 
discoveries in that way. 

About the begimiiii^ of the year 1736, M. Duhamel 
found the purpura^ (the bucctnum only having been dis- 
cfovered by Cole and Reaumur,) in great abundance upon 
jte coast of Provence; and observed it to agree very well 
with the description therectf, given by Rondeiet. He found 
the viscid colouring liquor of the fish to be white, except 
ia a few instances, where it was green, which he suspected 
to be some mort)id efifect. The white liquor being exposed 
Id the sun's ray^, assumed the following colours; 1. a pale 
jfellowish green;^ 3. an emerald green; 3. a dark Uuish 
green; 4. a blQe^:with a beginning redness; and B. a pur* 
frie; and these changes all happened in less than five mi- 
nutes. Linen wetted with the white liquor, and left all night 
in a dark room, had only become green in the morning; 
and this was also the case of linen wetted in like manner, 
and ' exposed all night in the open air, but shaded firom 
^e moon's light.. A piece of linen, wetted in the same 
manner, being partly exposed to the sun's rays, and partly 
hid by a crown-piece of silver, the former part became 
purple, whilst the latter was only green. Other linen sp 
wetted, being heated in a Dutch oven before the fire, or 
upon a hot iroi^, became of a dark green, but not purple* 
The fiimes of burnii^ sulphur only produced a dark green; 
and this was moreover the case with the different coloured 
rays of the sun, applied separately by a prism^ Wishing 
to see whether evaporation tended to colour the white lir 
quor, Mr. Duhamel put some of it into a phial well stop, 
ped; and, upon exposing it to the sun, found the liquor 
become of a reddish purple almost immediately. A piece 
of linen wetted and stuck upon the back of a plate of po« 
lished glass, three lines in thickness, and exposed to the 
sun*s rays, became purple even before it had dried. Three 
pieces of linen so wetted, being covered, one with white, 
Vol. I. O 
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a second with black, and the tht^ "^ith c^ed paper, ttie 
last soon became of a good purj^le colour, but the othen 
only became green. Linens wetted in Ske manner, and ex- 
posed to the light of the moon, or of buMbig ^^nood ot can* 
dies, became green, but not purple. Exposure to the sun^a 
rays always produced the purple, and most expeditioosiy^y 
when its light and heat were strongest, the sun-shine (£ 
the month of March hairing proved much more efficacious 
than that of January or February. The purple was instantff 
produced by the sun's rays, collected under a burning 
glass. The liquor which M. Duhamd suspected to be 
morbidly green, became purple sooner than the white Hi 
quon a circumstance which does not indicate its greeds 
ness to have been the effect of disease. In linens where 

> 

the colour had stopped at the green, without reaching the 
purple hue, it was soon carried off by boiling with soap, 
fossil alkaB, alum. Sec. which the colours that had already 
become purple, withstood for a long time, and were not 
hurt by the fumes of burning sulphur.- See Memoirs of 
the Royal Academy of Sciences, 8cc. 1736. 

Until Mr. Cole had discovered the buccinum, no ade- 
quate conceptions could have been formed of Ae changes, 
through which its liquor, and that of the purpura, became 
purple. Aristotle and Pliny had, indeed, both given inti- 
mations of its being primitively white; and Pliny had 
slightly mentioned one of the intermediate colours, the 
green.* That the other changes were not more distincdy 
noticed, must be ascribed to the little attention then be* 
stowed upon subjects of natural philosophy, and perhaps 
to a want of sufficient communication with die purpurarii . 
piscatories, by whom the liquor was collected and salted. 
And there can b^ no doubt of the identity of the shetl-fish 

* " Color austerus in Glauco, et ira$centi similis mari." Lib. ix. 
cap. 36. 



fMpkcred kg tbe micieiit»» and those diacovered by Cote, 
Reaumur, and Datmnel, or of the similitude of thok 
chapgeS) qikI of the means l^y which their several liquon^ 
became purple*. In a collectk^n of Anecdota Grseca, lately 
published by M. d'Anse de Villoisotii from MSS. pro- 
served in the King's library at Parisi and that of St. Mark, 
at Venioei there ia a description of the nrnnoer of catch* 
Uig the aheli-fish, employed for the purple dye, written by 
an eye-witness, Eudocia Macrembolitissa, daughter of 
the emperor Coostantine the eighth, who lived in the 
c^venth century, while the knowledge and practice of 
dyeing that cdour for the use, and at the expense, of the 
Greek emperors still subsisted; and from which it mani- 
&stly appears, that in those times, as well as in ours, the 
purple did mt acquire its due lustre and perfection until 
it had been exposed to the sun's rays. 

Those who are duly acquainted with the more recent 
chemical discoveries, can only hesitate between two 
ways of accounting for the changes through which the 
liquors of the purpura and buccinum become purple; I 
laea^, whether it be by gaining oxygene from the at- 
mosphere, like indigo, when it acqMires its blue colour; 
or by the separation of a redundant portion of oxygene, 
naturally combined for some unknown puipose, in the 
liquor of these shell-fish; and in that particular state 
which will not a4mit of its beii^ separated without the 
application and assistance of light; as is also the case of 
Iwirned silver, rendered purple by the sun's rays; of 
vegetables, rendered green by the same cause, after 
they had become white by growing in darkness; of 
peaches, purple grapes, and other fruit, which never 
acquire their proper colours by any degrees of heat^ 
but always remain white or green, if shaded and se- 
cluded from the contact of the sun's rays. A very few 
experiments, which I hope to have an opportunity of 
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making hereafter, would aaceMi^ this pcnnt bey/Mid 
die possibility^ of doubt; dunigli in iact there is, I 
think, at present, very little robm to doubt bat ifaait 
the purple, under consideration, is produced in die last 
d[ the two ways just mentioned.* 

Such were the conclusions which I had fbrmed and 
publbhcd in 1794; and it will soon be found that they 
have since been completely verified, by the most deci- 
sive experiments* 

In the month of September, 1803, Mn Samuel 
Richardson, of Cowbridge, in Glamorganshire, A the 
request of my truly respectable fiiend Dr. Cheston, of 
Gloucester, obl^^gly procured and- forwarded to me a 
large parcel of shell*fish, (apparently of that species 
with which the experiments of Mr. Cole had been for* 
merly made,) belonging to the genus of Buccinum 
(commonly called whelks) and agreeing in their speci- 
fic character, with the buccinum laptSus of Linnaeus. 

I had no difficulty in finding and extmcting the co- 
louring matter of these Testacca, which in appearance 
and consistence very much resembled well^formed pu^, 
and was collected to the amount of two or three drops 
in a little whitbh cysi^ placed transversely under, but 
in immediate contact with the shell, and near the head 
of its inhabitant the Umax. The white slightly yellowish 
colour of this cyst, and of the matter contained therein, 
rendered it perceptible by close inspection through the 
semi-transparent substance of the shell, though the lat- 
ter was not furrowed or channelled, where the cyst 
came in contact with it, as I had supposed ifrom Mr. 
Cole's description. 

* M. BerthoUet on the contrary appears to believe that the effect 
in question, is produced by a farther combination of olygene. Sc^ 
Elementa, Sec. torn. i. p. l44> I^st edition. 
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Tfab poft-like maftber, cftkor diluted twilii an equtl 



^Qition of wader, or midlliitcdy being applied to bits of 
white linen or calico, became purple after going regu- 
larly dirQUgh tiie inlennediatc clours mentioned by 
Mr. Cde, and in the same order. And these changes 
Here completed in a veiy few minutes, when the sky 
was.serene, and the bits of linen or calico were, m sum- 
mitf fully exposed to the sun'jB beams; and more espe- 
cially with the diluted matter; for the undiluted, being 
often cm^fiMdwith too much body^ in a small space, was 
not so soon thoroughly penetrated and changed by the 
solar rays. 

. I mised di0erent parceb of this matter with each of 
the.sewral idkalies, both in dieir mild and caustic states, 
and having, applied them to linen and calico, I found 
that instead of retarding the progress of these changes, 
and the ultimate effect of a purple colour, they rather 
pradMoed ua acceleration thereof: and this was the case 
in a more remnrkable degi^, when the matter in ques- 
tion was mixed with alcohol, .or the vdatile essential 
<^ of cajeput, turpentine, lavender, 8cc. or with mu- 
riatic acid: on the ccmtrary, these changes appeared to 
be considerably retarded, by the admixture of nitfic 
aeid, though it did not hinder them from ultimately 
taking place. Sulphuric acid had a similar effect, but 
in a lesser degree, as had the citric, and acetous acids, 
and that of tartar. The same matter applied to muslin, 
and put into a glass filled with hydrogene gas, and 
ckMely stopped, being exposed to the direct rays of the 
sun, went through all die before-mentioned changes in 
one third less time than usual; whilst similar matter, 
cqnfined in the same manner with oxygene gas, and ex- 
posed at the same time, underwent these changes more 
slowly: and nitrogene gas employed in the same way, 
and at the same time, had no apparent influence upon 
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them. These, and other csperimmtt rendatidiil* at 
least hiffhfy f^robaiie that a upmntim aad not m 4«Ui- 
tim of oxygene accompanied and contribotcd to the 
^tainment of the purple colour hi questicvu But bcim 
I bad made all the experhncntt which aeemed ne<;{essar}'^ 
to ascertain the feet, my attention was unavoidably di* 
trerted to other objects; and fearing that my whellft 
might die, and become unfit for other experiiiienta be* 
fore I could find leisure to malce those which i had 
projected, I broke the shells of at least one hundred «of 
them, and after extracting tb^ir colouring- matter, «nd 
appl}'ing it undiluted to bits of calico and nnialfai, I 
placed these bits separately, at«d as expeditimiily as 
possible, each between two leaves of a hrge blank folio 
book, and afterwards kept it chs^ 4fmt^ to cMclode 
the light: believing, though the matter in qaetftioniiad 
not been allowed to become dry before it was ahui up 
in this way, that so much of its moisture* would be 
absorbed by the paper, as to obviate any potrefketiwe 
process, and that if this coukl be oiyviated» the motwr 
in question would continue fit for. my experiments, «o 
long as it slx>ald be kept secluded from light. And In 
these respects my belief appears to have been well 
founded, since even now (August, 1819,) when almost 
nine years have elapsed, I find that the bits of mnaUn 
so shut up, (of which a score are still remaining) ex- 
hibit only the yellowish spots given by this matter as 
when first applied to them, and that tb^ are aft dipabte 
as ever, of passing through the usual changes of oolovf , 
and finally becoming purple, if assisted by ihe sttH^ 
rays* They do this indeed mere slowly, wIm^h expoesd 
without bexn^ first mmitenedf but after being dipped in 
water, the changes succeed as regularly, and quMtljr, 
as they have usually .done with matter just taken li^ 
its natural receptacle, wA the experiments which I tfm 



JWU^Ay^JWAidfMiif ^b&MML ill 

mhr liaoiit to relator vnae all imde with the matter 
#Uch had bcto ao applied, either to mtnlin or calico^ 
and aoclodod fimn lights more tlian seven years, 
i lat. A bit' iof called, ao impregnated and secluded 
^m lights was put into a vcsy snaii wfaiie glass phial, 
and* the latter betng fiUddwith sdrong nitric acid, which 
hod been dfloted 1^ about five times as much water, it 
#as stopped and exposed to the rays of the summer^a 
ana: and in aboM twice the usual time, as nearly as I 
could judge^ die yellow spots became first greenish; 
then ^ an apple grlrcn, and afterwards of a deep grass 
greeii ooloun but hem)tbe prcigreas appeared to stop so 
long, that I. began to* think it woiild prooeedno fatthen 
at lengdi^:hcisrever, a blue tinge bea»ne: evident, then a 
ileep blue, and finally a purple; so that the bxygea^ of 
the nihie add, though it manifestly retarded the usual 
dianges, did not hinder their ultimate accomplishments 
TMs experiment 'Was repeated, with a substitiwtipn, first 
oTdihit^ iulphmiey and then of oitrio a<tids, instead of 
flie nitrtc; aadwith a similar abstruciitm to. the tismd 
changes, thougli it was of less duration; this also hap- 
pened with the acid of tartar. A similar experiment 
being made widi undiluted murmtic acid, the several 
einmgesr termiiiaimg in a fine purpky vnere all com- 
pleted, and, as I .thought, in little more than half the 
usual time. 

This experiment was repeated with bits of impreg- 
natied muslin, by subsdtuting caustic solutions of pot- 
ash, soda, and ammonia separately, for the acids before 
mentioned; and in all of them, the purple colour was 
produced, after the usual changes, in full perfection^ 
and, as I thbught, with greater celerity than they had 
formerly been widsi the matter just extracted from the 
buccinum; and this also happened with mualin immers- 
ed in tJive-oil. 



V 
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A aimilar bit of muslin put inio a pbial oonpletely 
filled with a solution of tin, in muriatic acid, which had 
been recently made, and was at the minimum <rf oxida- 
tion (if not destitute of oxygene) upon being exposed 
to the sun's rays, became purple with great celerity, 
after passing through die usual succession of colours: 
and this was the case with another bit put into a phial 
and filled with the oxymuriatic acid (chlorine of Davy) 
as concentrated as any ^ich I could procure. Thia 
last result appeared to me the more extraordinary, be- 
cause I had previou^ seen thu acid exert its destruc- 
tive influence upon the purfde of the buccinum pro* 
duced in other ways, almost as quickly and eff caciously^ 
as it is known to do upon colouring matters 'generally: 
and I therefore prolonged this experiment, by removing^ 
the phial, when the purple was completely formJed, to a 
situation where the ^eet rays of tUe sun could not 
reach it; and there. I found, after a few hours, that die 
very same acid which appeared to have accelerated the 
production of this purple, had aflserwards annihilated 
the colour so produced, leaving the muslin perfecdy 
white! 

That I may not unnecessarily prolong this account 
of my experiments, I will omit several of lesser impor- 
tance, and proceed to a recital of Ado, which I think 
conclusive, in regard to the probUmaHcal part of this 
inquiry, viz. 

First, — into a flint glass phial, itaore than half filled 
with quicksilver, (strained through leather,) I conveyed 
a triangular bit of fine muslin, impregnated, dried, &c» 
as before mentioned; and having attached one comer 
thereof, by compressing it between the glass stopper, 
and the opposite inner surface of the mouth of the 
phial, I inverted the latter, so that the quick^ver sunk 
down to its neck, pushing the mublin (which by this 
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attachment was hindered from ascending^ . and which 
had been previously spread,) closely upon one side of 
thie inner surface of the phial, the olher surface being 
in immediate contact with the quicksilver, which rose 
an inch above the muslin; so that the latter was com- 
pletely secured from the access of atmospheric air; that 
which the phial contained, being forced by the superior 
weight of the mercury into the space above it. Thus 
circumstanced, the phial (in the month of August,) 
was exposed to the sun's rays, that side of it, upon the 
inner sur&ce of which the muslin was applied, being 
turned towards them: and in this situation I observed 
the muslin, or rather the colouring matter of the bucci- 
num, to pass through all the shades of green and blue, 
and become a full reddish purple with as much celerity, 
as similar matter in a dried state, had commonly done, 
when exposed to the sun's beams, with the free access 
of atmospheric air. 

Though it appeared difficult to devise any experi- 
ment more decisive than this, I made a second, by fil- 
ling with quicksilver, a small cylindrical glass tube, 34 
inches long, and closed at one end; and having stopped 
the orifice with my finger, I inverted the . ^ass upon a 
china cup, containing more quicksilver, and then, with- 
drawing my finger, the mercury sunk, and left a va- 
cuum above it, of about four inches in height: I thea 
placed a bit of fine muslin impregnated, dried. Sec. as 
before mentioned, under and immediately ^^r^ the 
orifice of the tube, through which it ascended with 
great rapidity into the vacant space, and being then 
exposed to the sun's rays, the usual changes, termi« 
nating in a purple colour, all took place ^ as in the pre- 
ceding experiment, and with equal celerity. 

In the first of these latter experiments, there was no 
vacuum, but the muslin with its colouring matter, was 

Vol. I. P 
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in close and immediate contact .vrith dke inner sinrfiice of 
the glaasy and with die quicksilver in every odier part; 
so that nothing else coold possibly reach die cotouriag 
matter, excepting the light passing through the 0ass« 
In the second experiment, the mutfiti was placed in 
vaeuOf but the colouring matter, was eq[oaHj protected 
by the glass and quicksilver from the access of evety 
thing but light. In both experiments, tke bits of musUb 
employed, were perfectly dry, and the quicksilver, when 
lHX)ught into contact with them, occasioned no diange 
or impression whatever, upon the coknirkig matter, not 
an atom of it adhering thereto, or to any part of the mus-' 
fin. The changes of colour therefore could <Mdy have 
been occasioned by the sun's rays, and it is now well 
known, that their most common and general eflfect upon 
colouring matters is, that of separating oxygene:">-*4heir 
other e&ct, of promoting a combination of it, could 
not possibly have been produced in these experiments, 
where no oxygene existed. Wishing, however, to obtain 
as much additional evidence as possible, concerning tlie 
sort of action exercised by the sun's rays, in producing 
the changes before mentioned, I took a piece of muslin 
impregnated, Sec as in the former experiments, and 
having wetted it with water, which had just bofled and 
Vf^ partly cooled, I spread the muslin^on n^ite paper, 
in a place accessible to the sun's rays, and separating 
die latter by a triangular prism, I brought the solar 
spectrum to hcsat completely upon the colouring matter 
ei die buccinum, and was soon convinced that the usual 
changes of colour proceeded faster and more distincdy 
under the deoxygenating rays^ at the violet extremity, 
than they did at the other extremity under the red rays; 
the muslin becoming purple at the former, whilst at the 
latter it had become only blue. I 
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There is, moreover, another proof of the separation 
of oxygene, when the pnrple noder consideration is 
produced, and it is connected with the strong disagree- 
able odour, nearly resemUing that of garlic^ which was 
so distinctly perceived by Coie and Reaumur, and which 
has constantly assailed my nostrils, whenever the colour- 
ing matter 6i the buccinum began to turn green, apd 
has continued to do so, without diminution, until some 
time after Uie purple colour was fully produced. This 
odour to my senses, unequivocally indkates the pre- 
sence tA phoqi^boras, ^hich is contained in all animal 
substances; and, when subjected to the action of the 
sun's rays, readily becomes volatfle in part, by com- 
bining with a portion of oxygene; and this volatile 
part or compound (which, as Davy observes, p. 287, 
^' should, according to the principles of the French no- 
menclature, be csSledi photphortms acid*^) emits an oflfen- 
sive affUteeous tmett^ very much like that of the colour- 
ing matter of the buccinum, when it becomes purple. 
The last, or that part of it which gives the smell of 
garlic, readily mixes with water, and strongly impreg- 
nates it with this odour, as I have found by many ex- 
periments; and in this respect it also agrees exactly 
with the vdatile compound which gives the alliaceous 
odour from phosphorus. 

I repeated Reaumur's experiment with corrosive sub- 
limate of mercuiy, and found that the purple which re- 
sulted, partook more of the blue tint than usual, and 
diis appesu^ to be the case when the colouring matter 
of the buccinum was mixed widi sulphate of iron. 

Pliny, as my readers will have seen, represents the 
purple cotour obtained from the bucdnum, as not being 
permanent, without a mixture of dmt from the purpura; 
but on this point he was certainly misinformed, it being 
of itself the most durable of aU animal colours. I found 
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that^ it was not sensibly affected, even upon fine muslin^ 
by being wetted vfixh undiluted oxy muriatic acid, though 
when immered in a phial filled with this liquor, it soon 
disappeared, as I believe would happen to almost every 
other animal or vegetable colour. I found also that un- 
diluted oil of vitriol dropped upon a bit of calico, which 
had been made purple by the matter of the buccinum, 
did not destroy the colour^ though it produced a tinge 
inclining more to the bltie. Highly concentrated and 
smpkiilg nitrous acid, applied to a similar bit of calico, 
changed the purple to a yellow colour, which became 
very lively and beautiful, upon being rinced in a solu- 
tion of potash. Thinking it not unlikely that this change 
might have resulted from a combination of oxygene, 
with the colouring matter, rather than from an irrepa- 
rable decomposition of it^ I exposed the yellow in ques- 
tion to the direct action of the sun's rays, to see whether 
their deoxygenating power would reproduce the purple, 
but no such effect ensued; the yellow remaining, and 
seeming to be permanent. Strong muriatic acid applied 
to a similar bit of calico, appeared to have no effect 
upon the purple colour; and single aquafortis changed 
it less than the much weaker oxymuriatic acid. — ^But 
I will proceed no farther with my observations, believ- 
ing that I have now sufficiently explored and eluci- 
dated this hitherto abstruse subject. Some of my rea- 
ders may indeed think that 1 have been too minute in 
my statements concerning it. ButUo me, the colour- 
ing matter under consideration, has ap^ared to deserve 
my utinpst attention, because, (independently of the 
veneration with which it was contemplated by the an- 
cients) its properties are more extraordinary, more in- 
teresting, and more instructive, than those of any other. 
It is strictly and pre-eminently intitled to the distinction 
of a substantive colour^ as it may be permanently fixed, 
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even upon linen and cotton, by the most simple appli- 
cation, and without any preparation or admixture what- 
ever: and it is admirable, for the singular constancy 
with which it proceeds, through the series of interme- 
diate colours, (according to their prismatic arrangement) 
until it has permanently fixed itself and attained that 
purple tint, which the Author of Nature, for some un- 
known purpose, has fitted it to display; and all this, in 
spitey if I may so express myself, of many powerful 
chemical agents, whose utmost influence extends only 
to retard, for a few hours, the ultimate accomplishment 
of this its destiny. 

The celebrated Fontenelle, in giving (as Secretary of 
the Royal Academy of Sciences at Paris) his account 
of Reaumur's discovery, began by observing, that not 
only more things were found in modem, than had been 
lost in ancient titnes, but that it was even impossible 
for any thing to be lost unless mankind were willing that 
it should remain so; it being only necessary to search 
in the bosom of nature, where nothing is annihilated; 
and that to be certain of the possibility of a thing's 
being found, was a considerable step towards finding it. 
But before the buccinum and purpura were found by 
Cole, Reaumur, and Duhamel, America had been dis- 
covered, and new dyeing materials thence obtained, 
superior in beauty, and especially in cheapness, to. those 
8o highly valued in ancient times; though it must be 
confessed that no other substance will afford a substan- 
tive purple of equal beauty and durability, and capable 
of being topically applied to linen and cotton with so 
much simplicity and expedition; and for these reasons 
it seems probable that the discoveries of these gentle- 
men might still be rendered beneficial in staining or 
printing fine muslins, for which but litde colouring 
matter is required. And indeed, there was a species of 
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bnccinum found more than a centoty ago near Panatna^ 
on the coasts of Guayaquil and Guatemala, of which con- 
stant use appears to have been made in diose countries, 
foe the dyeing or staining of cotton, as Jussieu, the 
elder, Thomas Gage, and others have ment i oned, Don 
Antonio Ulloa, in particular, says, ^^ they are something 
larger than a nut, and contain a juice which, when ex- 
pressed, is the true purple; for if a thread of cotton or 
the like be dipped into this liquor, it becomes of a most 
vivid colour, which repeated washings are so far firom 
obliterating, that they rather improve it; nor does it &de 
by wearing," " This precious juice," continues he, " is 
extracted by diflferent methods; some take the fish out 
of the shell, and laying it on the back of the hand, press 
it with a knife from head to tail, separating diat part of 
die body into which the compression has forced the 
juice, and throw away the rest." This being done, 
^'they draw threads through the liquor which is the 
whole process; but the purple tioge does not appear 
immediately, the juice being at first of a milky colour, 
from which it changes to a green, and, lasdy, to diis 
celebrated purple." See the translation of hn account 
of the voyage to South America, Sec voL i. p. 268-9. 

Snails, with the same property, exist in various other 
parts of the world. Catesby, in describing the Bahama, 
islands, (vol. i. p. xliv.) mentions among the didls 
there, the ^^ Buccinum brevi rostrum muricatum, ore 
ex purpuro nigricante dentato," adding, '* these shells 
stick to rocks a little above low water, and are conse- 
quently a short time uncovered by the sea. They yield 
a purple liquor, like that of the murex, which will not 
wash out of linen stained with it." 

Josselyn also, in his New England Rarities discover- 
ed," p. 37, says, ^^ at Paschataway, a plantation about 
50 leagues by sea, eastward of Boston, in a small cove, 
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caUod Baloer's Ccnre, tbey found this kind of muscle, 
wludi hath a purjde vein, whidi bebg pricked with a 
needle, yieldeth a perfect pitrple or acarkt juice, dyekg 
li&en so that no washing will wear it out, but keeps its 
histre many jrears: we mark otir handkerchiefs and 
dints with it. Mr. lohn Kieuhoff moreover relates, that 
^^ abundance of purple snails are found in the islands 
over against Batavbi*" *^ They are boiled (adds he) and 
eaten by the Chinese, who have a vr&y of polishing the 
dieUs, mid pick out of the middle of the snail a certain 
/iiflr^-coloared substance* which tbey use in colour- 
ing, and in making red ink/' 

In the fifdcth volume of the Philosoplucal Transac- 
tions, Dn J. A* Peysonnel, F. R. S. describes what he 
calls the naked snail producing purple, (^^Limax non 
cocfaleata, purpur ferens,'') as being found in the seas 
of the Antilles, and *^ precious for the beautiful purfde 
colour it prodooes in ^ same manner dsit the cuttle- 
fish produces its ink/' *^ There is (oondmies he) a hol- 
low in the back of the animal, where the cankl, filled 
with a reddish juice, passes out, carrying it to a fringed 
body like a mesenterjr; and it is there the purple juioe 
is bnought-to perfection." ^ When the animal is toudi- 
ed, he makes himself round and throws out hia purple 
juice as the cuttte-fish does his ink: this juice is of a 
beaudful deep colour; it tinges linen, and die tincture 
is difficult to get nut." 

it is however to be remarked, that the liquor of the 
mdced snail exists naturally of a purple colour, without 

• Probably this description i% inaccurate, for if tlie substance in 
queitioa, exhibits a -purple c(^Qr, when taken immediately &em 
the body of the MMil, it must differ in iu nature and properties 
from the pucple of either the murcx or buccinumy and nearly re- 
semble that of the snails^ mentioned in the succeeditv^ paragraphs. 
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the application of light; a circumstance which denotes 
very different properties from those of the buccinum. 
In Brown's History of Jamaica^ there are descriptimis 
of two shell-fishes having a similar colouring liquor; one 
is termed *^ the larger dark lemea, or sea snail, frequent 
in the American seas." Dr. Brown observes, that ^* on 
touching this creature, it emits a considerable quantity 
of viscid purple liquor, which thickens and colours the 
water about it so much, that it can scarcely be seen for 
some time after, by which means it is generally enabled 
to make its escape in times of danger." ** I have ga- 
thered," adds Dr. Brown, ^* a small quantity of the dis- 
charges of this creature, and stained a linen handker- 
chief with it; it gives a very beautiful dark purple co- 
lour, which is not apt to change with either acids or 
alkalies; but is easily washed out:" a circumstance in 
which it totally differs from the buccinum, &c. as well 
as in that of the liquor being naturally emitted of a pur- 
ple colour. The other, of these shell-fishes, is termed 
cochlea ima, or the purple ocean shell; and upon being 
touched, *^ it diffuses a beautiful purple liquor," says 
Dr. Brown, which seems to resemble the former. The 
sepia, or cuttle-fish, has long been known to provide 
for its safety in like manner, by discharging in times of 
danger, a viscid bitter black fluid, which Rondeletius 
mistook for bile, and which, I know by experiments, to 
be as dissimilar as possible, to the colouring matter of 
the buccinum, and utterly incapable of serving any use- 
ful purpose in dyeing; and I am^ persuaded, this must 
be true also, of the liquor of Dr. Brown's shell-fishes, 
and that of Dr. Peysonnel's naked snail. A similar 
mistake seems to have been committed by M. Cuvier, 
one of the latest, most respectable, and best-informed 
writers upon comparative anatomy, who has evidently 
confounded the testacca, affording the purple of the 
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ancients, with a considerable number of the vermes 
of Linnsusy (principally molluscae) naturally destined 
to secrete, and when in danger to ejects dark-coloured 
fluids, that, by obscuring the water, they may be ena- 
bled to escape; a purpose totally dtflerent from that of 
any fluid secreted by the murex or buccinum, and af- 
fording the purple of the ancients. See Cuvier^s Ana«* 
tomie Compar€e, torn. v. 263, 4. 

Mr. Martin Lister, (see Philosophical Transactions, 
vol. vi.) observes^ that ** the common hawthorn caterpil- 
lar will strike a purple, or carnation, with ley, and stand; 
the heads of beedes and pismires will, with ley, strike 
the same carnation colour, and stand; and the amber* 
coloored scolopendra (adds he) will give, with ley, a 
most beautiful and pleasant amethystine, and stand:" 
but whether he means that they will stand in this way, 
when applied to paper only, or to the substances usually 
made to recdve dyes, does not appear. In another part 
of the same volume, Mr. Lister mentions an insect 
(cimex,) whose eggs, bruised upon white paper, '* stain 
it of themselves, without any addition of salt, of a lively 
vermilion colour." 
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CHAPTER V. 

Of Vegetable Sfibstantive Colours j and principally of In- 
(HgOy and the Plants affording it^ or a similar Colour. ^ 

** Combien de tetitaf ives n'anni t*6n pas fait, trsnt qae de pancnir na point d'ap- 
pliqpier eonTcwMewcot bet «>iikiir% oar let eloffea, et de lc«r d«inier cette wS^- 
rense et ee hutre, qui Cut le prineipaJ merite de I'art da teintnrier, an. dea pl«5 
agreablea, mait en tncmc temps an des plus diffidles qa'<m eonnoisieP* Q^QWrde 
VOrigint cfet Ijdt^ de§ Arit^ et da Science*, Ue. tome premier, 4l9> 

Th£ subject of this article is the most interesting, 
important, and instructive, which can occupy the atten- 
' tion of a dyer, or a chemist; the admirable and singular 
properties of indigo being only surpassed by those of 
the colouring matter of the murex and buccinum, a 
little, while it is of much higher practical utility than 
the latter. From the remotest ages of which we have 
any correct information, mankind appear to have pos- 
sessed and employed the means of dyeing or staining 
bhte colQurs substantively, either upon their skins or 
clothing. In the more temperate climates, this was done 
from the plant denominated isatisy by Linnaeus, as well 
as by the Greeks and Romans, and commonly known 
in this country by the name of woad: but in warmer 
situations, the colour in question was chiefly obtained 
from some of the indigoferas (of Linnasus), or other 
vegetables of the natural order of Papilionacaee, or that 
of leguminosae. The plants so employed, all contained 
more or less of the basis of indigo, combined with but 
a small portion of oxygene, and therefore capable of 
being extracted, and held in solution by water, long 
enough at least for its application as a dye. And it is 
not therefore surprising that the inhabitants of all coun- 
tries, excepting India, should have thought it sufficient 
to pound or grind the plants naturally containing this 
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basis; and after a partial and premature fermentationy in 
some places, to dry the matter so pounded or ground; 
leaving the dyer, when necessary, to macerate and give 
it an additional, or other sufficient fermentation, to ena« 
ble the basis to absorb such farther portion of ozygene, 
as, when assisted by the dyeing process, would fix it 
permanently in the dyed cloth, and fully manifest its 
blue colour. 

This partial fermentation of die bruised plant, pre- 
vious to its being dried, was chiefly practised in regard 
to the woad or ixoftf, of which two species, differing but 
little from each other, are cultivated in Europe, viz. I — 
Tinctoria, and I — Lusitanica:^^ with the indigo plants 

* The preparation given by the Greeks and Romans to the isatn; 
is not I believe described by any of their writers, but that of the 
modems is well known. The plant, after being cut, washed, «id 
partly dried, is carried to a mill, and there ground to a paste, after 
which it is formed into a mass or heap, and being covered to pro* 
tect it from rain. Is left to undergo a partial fermentation for abDut 
a formightw— The lieap is then stirred^ well mixed, and Ibrmed 
into balls or cakes, which are exposed to the son and wind to diy, 
and thereby obviate the putrefactive process, which would other- 
wise take place. Being afterwards collected in heaps» these balls 
again ferment, become hot, and emit the odour of ammonia or vo- 
latile alkali, which, as Mr. Hume teBs us, in tie 44th chapser of 
Ins History, gave such offence to Queen £lissbeth, that she issued 
an edict to prohibit Che euhivatioo of this plaati had she prohibited 
the making it to ferment, except by the dyer, she would have acted 
more wisely. After the heat has continued far some time, these 
balls &11 Into a dry powder, and are then sold to the dyer, who now 
seldom employs them without a mixtotw of Indigo, which bst the' 
woad helps to deoxygenate and render soluble. Formerly, however, 
this preparation* fermented by weU*known means, was employed 
d/onr, though it was incapable of giving a deep and bright blue 
colour, because the tingent matter was in tmion with too great a 
proportion of the other constituent mattera of the plant« The co» 
lour, however, which it did give, was very durable. But the best 
methods of £«ndiicdng the fermentMion and preparation of woad 
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this sort of fermentation seems not to have been thought 
necessary )* by a great part of mankind. 

srei even at this time» so little iindentood» by the persons exetds^ 
ing that employiiieot» that the goodness of any parcel of it can 
never be ascertained, otherwise than bj the actual use which dyers 
afterwards make of it, and this commodity is therefore purchased 
under the greatest uncertainty respecting its true value, and it 
would therefore be better to dry and sell it unfermented. It has 
lately suited the policy of the French goTemment, to cause the 
isatia to be cultivated for the purpose of obtainiiig indigo from it» 
by a process analogous to that employed in the East and West 
bidieSf with the indlgofera tinctoria, and I have seen some of the 
indigo so produced, but I do not think that in goodness and cheap- 
ness it can ever rival that from the indigo plants, which at the pro* 
per age will affofd neariy thir^ times as much indigo, a* sn equal 
weight of the isatis tinctoria. 

* Francois Cauche, after describing the indigo plant at Mada- 
gascar, says the natives, << pillent les feuilles avec leur branches^ 
etant encore tendres, et en sont dcs pains, chacun de la pesanteur 
de trois livres, qu*ils font secher au soleil; s'ils veulent teindre, lis 
en pillent un, ou deux, ou trois, suivant qu'ils en ont besoinret 
mettent la poudre dans des pots de terre, qu*ils font bouilUr avec 
de Teaa sur le feu puis tirent leurs pots, laissant refroidir c4 qui 
est dedans, y trempant leur cotton et leur soye/' Voyage de Fran- 
cois Cauclie, en Hsle de Madagascar, &c. 4to. Paris 1651. p. 15 1. 
M. Adanson gives a similar account of the method of using the in* 
digo plant by the natives of Senegalf except that he mentions, as 
perhaps Cauche oo^t to have dooe, that a ley of veg<|table ashes 
is employed in dyeing with it. See his voyafjpe, &c. Capt George 
Roberts also, in the account of his four years' voyages, mentions 
the indigo plant as growing wild at fionavista, one of the Cape de 
Verd islands; and that the natives prepare it, ^ only 1^ pounding, 
the leaves of the shrub while green, in a wooden mortar, with a 
wooden pestky and so reduce it to a kind of pap, which they form 
into thick round cakes, or balls, and drymg it, keep it till they have 
occasion to use it for dyeing their clothes.*'— -He observes *< that 
the cakes in drying, change from a green to a blue colour, (proba* 
bly by absorbing oxygene) and. that the natives extract the dye by 
means of a lixitium,'' as I suppose, of wood ashes. Mr. Mungo 
I'ark, in the account of his travels in Africa, says, that to dye cloth 
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By what cimrnnstanoe or event the people 
tan alone were kd, sevend diousuid years ago, to dis- 
cover and adopt means by which the blue cdourable 
matter of the indigo plant might be extracted, oxygen- 
oted, and precipitated, dee from almost all the other 
matters naturally combined with it, and afterwards 
brought into the dry solid form in which we now find 
it, no one can I believe conjecture. But, as an accurate 
knoirtedge of the process by which all Urn can best be 
cffi*cted, will gready conduce to a right understanding 
of the nature tad constitution of this wonderful, and 
most valuable production, 1 shall endeavour to give the 
best posstUe account and explanation of it, availing 
myself of e^^ery thing which has been done by others, 
as well as by myselA 

of a lasting blue colottr, according to the practice of tbe negro 
vromen^ *Uhe leaves of the indigo when fresh gathered, are pounded 
in a wooden mortar, and mixed In a large earthen jar, with a strong 
ley of wood ashes, (chamber-lejr being sometimes added) and the 
cloth is stiSeped in this mixture, and allowed to remain until it has 
acquired a proper shade/*— ^< When indigo is most plentiful, they 
collect the leares, and dry them in the «un, and when they wish to 
use themi they reduce a sufficient quantity to powder, and mix it 
irith ley as before mentioned.** Vol. i. p. 97. 

Mr. Mpsden, in his History of Sumatra, p. 78, says, << the indigo 
shrub (Taroom) is always found in their plantations, but the natives 
to dye with it, leave tbe stalks and branches for some days in water 
to aoak, then boil it, and with their hands, work some chunam 
(quicklime) among it« with the leaves of the pacoo sabba (a species 
of fern) for fixing the colour. They then drain it off, and use it in 
a Kquid state.** 

To conclude this note, I shall only add the following extract from 
Mr. Barrow's Travels in China, p. 560, << Near most of the planta- 
tions of cotton we observed patches of the indigo; a plant which 
grows freely in all the middle and southern provinces. The dye 
of this shrub, being no article of commerce in China^ is seldom if 
ever prepared in a dry ttate^ but is generally made to communi- 
cate its colouring matteryrom the legrva}* 
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It has been direaAy staled, wd^ wiU bereafiter be abctn- 
daiuly proved, that iod^ priticipaUy, and esseniiai^^ 
consists of a peculiar colourable nuttter, which I call 
its ioMf atid which being cooB^ned with a certam por? 
tion of oxygese, is, while this comlniiation sobsistSi 
thereby rendered insohAle by any means yet known^ 
excepting those which exert an agency, more or less 
desimctive upon the basis itsdf* T^is basis is odourlew 
when destitute, of oxygene, and seems to be formed bjr 
certain peculiar secretory organs^ bestowed upon a fens 
particular plants, some of which have been already. no-> 
ticed, and others will be mientigoed hereafter: hot thou|^ 
it manifests a strong affiniQr for oxy gene, when separated 
from the diflferent mattera with which it is mixed in tlM 
plant, the basis is naturally combined with so Iktl^ of 
it, as to be liable to decomposition and injury from va- 
rious causes, which would have no such effect upon it, 
whefi sufficiently oxygenated, as it is in the state of in- 
digo. I have observed repeatedly, by gathering the fresh 
leaves of the indigo plant, inclosing them in a piece of 
white calico, and pressing the latter strongly upon the 
leaves, so as to make it imbibe their juice, that a green- 
ish tinge was first produced on the calico, which indry- 
ittg^ approached to the blue, and ultimately assumed 
that colour; though it was very pale, because the pro- 
portion of colouring matter, or rather of its bads, na- 
turally dispersed through the juice of the plant, was too 
small to produce any other than a feeble colour — it was 
however so completely fixed, that repeated virashings 
with soap, had only the effect of rendering it brighter 
by removing the other matters contained in the juice of 
the plant, and applied to the calico with the blue colour- 
ing matter. By repeating these applications (of the juice 
of the leaves in question) to the same piece of calico 
several times, I found that an addition of blue cdour 
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was made bgr eadv a(id as tk eotour so commonicated 
was permanently fixed, I have coocliided that in regard 
to the degree of its oxydatiotiy die basis of indigo so 
applied, was nearly hi the state^ in whieh it comoKMily 
isy in the composition, to be hereidTier described, which 
th^ cidtco printers apply by the pencil^ to give perma- 
nent blue stains^ or figures. I suspect, however, that 
the basis of indigo, when thus applied to calico, in union 
with the tmfermented juice, does not afterwards oxy- 
genate itself so perfectly, as it does when made into 
indigo, by the process about to be described. The juice 
expressed from the bruised leaves of the indigo pUat; 
and exposed with a wade surface to the rays of the sun, 
between the tropica, and thus evaporated to dryness, 
belbre aiqr fermentation had taken ptace, acquired only 
a greenish Uue eoioiir; pardy, as I think, because the 
basis of the indigo was but imperfectly oxygjcnated, and 
partly because it confimied to be mixed with a yellow 
extractave matter, and a greenbh resin^ which are both 
naturaHj contained in the indigo plant, as M. Chevreul 
has as c er t a ine d; (see Ann. de Chimie, tom« 68.) though, 
by the common process of fermentation, and precipita- 
tion, the indigo is iaa great degree separated from them, 
as ^1^ as fitom the otfier matters contained in its juice. 
It would be a deviation from my subject, were I to 
give any aceoont of the cultivation of the indigo plant: 
1 may, however, be permitted to observe, that the spe- 
cies of the genus indigofera, most frequently employed, 
arc first, — Indigofera anil, a large hardy plant growing 
wild in the hotter parts of America, and affording indigo 
of good quality. — 

2. I — Tinctoria; which, according to Loureiro; 
grows spontaneously, as well as by cultivation, in China, 
Cochinchina^ Hindostan, Coromandd, and other parts 
of India* whence it was carried to America. It is called 
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indigo franc, by the French, and is less faaidy^ dioogb 
more productive than the other species. 

3. I—- Disperina; thb I consider as the species caUod 
guatamala indigo, which yickis a fine pulp, tmt is leas 
productive than the preceding; and 

4. I — Argentea. This is caDed indigo bataid^ by 
the French; and, as Linncus says, was i^ a native of 
the East Indies. AU these are suChiticoae plantSi or 
under shrubs; and they all have a peculiar smell, which 
is offensive to cattle. 

The stems, with their leaves being cut, (which b best 
done when the plant is in full Uosscma^) are jdaced in 
lai^ vats, called itetper^^ and pressed down by planks 
and wedges: in some places this is done immediate^ 
after being cut; in others, after being more or less 
dried;* an operation which probably iacilitatea the so- 
lution and extraction of the indigo basis; as die fidling 
of rain upon hay^ is found to deprive it of a greater por* 
tion of its nutritious parts, than grai% recently mowed, 
would have lost by the same means. Beii^ property 
placed in vats, the leaves and twigs are covered widi 
water; which has hitherto been most frequently em- 
ployed coJd; and when this b done, the appearances 
which follow, are thus described by Dr. Rozburgh-f 

* In a MS. relating to the maaa&ctare of indigo^ beboging tQ 
Sir Hans Sloane't collection, in the British Mnaeanit (No. 4030^ 
of Afacottgh's catalogue) I find it asserted, that in some parts of 
the East Indies, thef collect the leaves of the indigo plant into great 
heaps, and leave them to grow hot and sweat, before they aM 
steeped. In Egypt they grind the plant, after it has been (rnafcert 
an hour in water of the temperature of 70^ 4>f Reaumur, or 190*- 
of Fahrenheit, by which the exmiction of the indigo basis is lacili* 
tated, but the broken parts of the plant afterwards become mixed 
with the indigo, and render it impure. 

t As a supplement to the former edition of this volume, I was 
induced to publish (with some observations of my own) an abstract 
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*^ In a Aw koursi more or \tm^ according to cir cuni« 
stances, a riiglil motion begins to pervade the hoAf of 
die liquor in t)ie r4xx die^btiUc increaMi considerably, 
with some additional heat; air bubbles are generate^ 
some erf which remain on the sorAee: these gradiialiy 
cdlect 4nto patches of froth; a thin vidlctt or copper- 
colont^ peMde, or^ cream, makes its appef»rance be- 
tween tliti paichM of frolhi soon al^r, die thin film 
which forms the covering of the bubbles that compos^ 
the froth, begins to be deeply tinged with fine Uue. 
The k^drlMa ft»OM the, beginning been acquiring a 
green odour, and now it wM appiear, when vkwed (alU 
]f^ fram one vessel into another, of a bright jreUowiah 
green^ and wSl madfly pats the tlosest filter^ until th6 
action oiF die ai# makes if turbid; a proof that the base 
trf" the cokmr itfnow perfectly dissolved in the wfttery 
mensfaruvtH: this Is tlie time for letting off the vat« If su^ 
fered to remain, ^6 bnUt begins to diminish, andfetnrhs 

of a MS. whicli lisd been put Iht* tny lmsd« at the East India 
HauM) rsrtHMna ah *^ acooaat df a new apaciea of nariwn^ tbiB 
IsAYet of wUcb ykjil iodigo," Icc4 . with a second. (MTt, ooDtaifuo^ 
*^the result qf various cxfieriment&made vfith a view to throw some 
light on tbe theory of that beautiful production: and an appendix 
containing a botanical description of a second new indigo plant; the 
whole ilUistrated with drawifif|«, and adclressed to the HOnnurable 
^Sir Cliartes OsUsfi govemoiv MWi.'pnMUeiit in council at Fort St. 
George, to be traasnittted to the CoMit oC Directers of the Uniisfi 
East India Company, and committed to their protection,'' 3cc» Qy 
William Roxburgh, M. D. But as the whole of that MS. with some 
few additions and explanatory engriivings, has been lately, (and m 
soMt degree upon i^y suggesCleii) printed ae a part of tho 9Stii 
▼olune of tfie TraoMetipn^ of tibe Seeker of Aru, M^^iftfituwe, 
and Commerce, I am enabled to abstaia fmm a repubUcatios ^f my 
former abstract, though I shall, at the proper places, arail myae)f 
of the most interesting of Dr. Roxburgh'^ facts; taking them from 
this last mentioned volume of the Society of Am, Ice. to which my 
idbrtnots .wH be made. 

Vol. L R 
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to lis original dimcMkw; howcvcr^die fe iBic M fc ai on cop> 
tiniics; there b still much inlcsiiiie BMtioo through the 
vat, and large cpiantities of fioth are fiirned. Hidierto the 
peculiar Mi^/f cS the plant has prevailed, but now it be- 
comes very ofensite, somediiag like that of animal mat- 
ter beginning to putrefy* As fermentatioo goes on^ the 
9meU becomes more and more ofensive, and the quantity 
ei airs discharged less and leas, until absorption takes 
pbce«" 

Hiis iral macerating and fermeirting pneem^ occa- 
sions an extraction of the indigo buus, and an imperfect 
oxygenation oi it: but in other le sp ie e t a I do not know 
tiiat it isof any importance, to die produetioo <rf* indiga 
Other plants, in similar cireumstanoes, would foment 
wkh an evolution of carbonic acid gas; and doubdeas 
the various extractive niaMers of the indigo plant, par- 
ticipate and ca^)perate in producing the appearances 
just described by Dr« Roxbm|^; who has, however, 
ascertained that in the fint part of thb process, there 
was a great aUorptum o^ or from the atmosphere, (the 
free access of which was indispensabty necessary to the 
fermentation), and thb absorpticm doubdess consisted 
principally of oxygene. He found, moreover, that as 
soon as the bulk of the mass began to be enlarged, a 
disengagement of airs took pbce, wlucb he describes as 
being ^^fixed^ pure, and impure," (meaning, I presume, 
carbonic acid gas, oxygene, and pertiaps hydrogene.) 
" But, continues he, about the time that the bulk of the 
vat is greatest, the fixfed air b dbcharged purer, and in 
brger quantities than at any prior period.'' ^' I tried," 
he adds, ^* every means I could invent, to detect the 
vobtile alkali, that I was led to expect, but without the 
smallest appearance of success, at any time. " If, as soon 
as the fermenting liquor becomes green, an alkali be 
added to it, a precipitation, says M. Dutnme^ will take 
pbce, ^^ d'une fecule verte cxtremement belle;" and at a 
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more adiranced state of tiie prooesa, which he qalls <* la 
fermentation pntride," alkalies, accordmg to his account, 
will precipitate a ^^fecnlc qui porte une couleur bleu de 
del tris Icgwe.** 

The fennentation being completed, the green cdkwr- 
ed liqnor is drawn off, from the steeper^ into tbe beating 
vatj or receptacle, (which th^ French call batteries) 
where it is violently agitated, commonly by machinery, 
during one, two, or three hours, according to the means 
adopted, and the force widi wliiehthey are emptoyed; the 
effect of this Station is analogous to that of churning, 
for by promoting a farther oxygenation of the basis of 
indigo, it renders the latter umdubky in the liquor, which 
had previously keld it dissolved; and thereby causes it 
to granulate; or collect into small particles, or littfe 
floculae, su^endedy but not (Bssohed^ in the aqueous 
menstruum which still retaim, in solution, the other roat^ 
ters extracted from Jthe indigo plant, and by so retaining 
them, enables the manufrctorer to separate the former 
from the latter, by adding lime water, or some other 
suitable prec^tantj which is to be mixed with the li- 
quor, as soon as a (Bstmct gnnulation becomes manifest * 

* Dr. Roxburgh hat believedi that the basis of indigO} during the 
fermenting process, was hejd in solution by carbonic acid, and that 
agitatbn and precipilants were afterwards useftil) the former by 
extrieating-tibiM acU, and the latter by abmnrbing it* That such ef- 
fects are producedy may be presumed by the discbarge of carbonic 
acid .gas, wJbich is manifest during the agitation of the liquor, and 
by the cessatimi of that discharge* when either lime watery or 
caustic alkali is added. But that this agitation answers another, and 
more important end, may be proved even from some of Dr. Rox- 
burgh's experiments to be presently noticed; and that lime water 
may act as afiree^dumif oihernffUe than bjr abaorbing carbonic addy 
is certain, from its well known power ef throwing down many co* 
louring matters, when they are held in solution} where no carbo- 
nic) or other acid is present; in such cases the lime acts by its par- 
ticular affinity for these colouring matters, in the saHae way in 
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During this bst agUatmg, or oxygeiiatiDg process, 
^' fixed air, (says Dr. Ko:i(burg|b|,) conttoues to be dis- 
charged, with pure and impure aia; l>ut still nodung 
like volatile alkali.'^ But when the precipitant is added, 
*^ from that instant an absorption of air takes phce; and 
after the liquor has settled a little^ a candle will bum 
freely close to its surface." 

The most efficacious precipitants hitherto employed 
are pure well- burnt lime water, and the different alka- 
lies, especially when in their csustic state;* and some of 

which, as Dr. Roxburgh observes) ^' a solution of tin in aqua regia 
(in a very small proportion) gives a large produce of light blue pre-' 
tipitat^,'* wiicn added to the liquor in question. Alum acts in the 
same vpa7)but by throwing down at the tame time tibe other estrac* 
tive matters of the plant» it debases the quality of the iodigo. 

* Concerning the expediency qi predfiitant9^ Dr. Roxburgh de- 
livers the following opinion: " The coloured liquor, impregnated 
with the first prtnciples of the drug, (its base) whether acquired by 
Certaentadon, or by a Bcaldlog heat, will, without the least of our 
assistance, if only exposed to the open aii^ and particularly if with 
a large surface, in a short time begin to part with its colour, which 
will fall to the bottom in minute grains of fine blue indigo: agitation 
will hasten the separation and precipitation muchj and cause the 
prodtice to be larger. Heat has nearly the same effect, though in 
a less degree, except when joined with agitation, in which case 
the two act more powerfully than ehher alone. The indigo procii- 
red by these means is good, if the process has been properly con- 
ducted; precipitants are not thek^forc absolutely necessaiy for the 
proAtiction of indigo, but if \yt\\ chosen, and in a proper proportion, 
they forward the operatioii macA, causing a larger produce than 
couM be had without them; and I have reason, from a variety of 
experiments, to say, that the quality is by no means injured it) con- 
sequence/* — Dr. Roxburgh thinks lime t^atcr preferable to any 
other precipitant; alkalies, he says, ** answer the bc^t when made 
caustic, but even then lime water gives a purer indigo, though 
probably not in quite so greata quantity.** He adds that « K lye per- 
Tcctly caustic be added, before the liquor has been agitated, or be- 
fore any granulation has taken place, the extractive matters of the 
plant will generally be x^recfpitated 'first, in the form of a dirty pale 
yellow fecula: in the mean time the supernatant liquor gradually 
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these in suitable {proportion being well mixed^ «nd the 
liijuor left at rest for six or ei{^t hours, the blue-colour- 
ed matter will commonly be found to have all subsided 
to the bottom, leaving the supernatant liquor of a clear 
brandy^ or Madeira wine colour: when it appears more 
or less green, or olive-coloured, we may conclude thk 
separation and precipitation of the indigo have beci^ but 
imperfectly performed: this happens indeed but too of- 
ten, and Dr. Roxburgh conceives '^ it to be owing to 
the presence of fixed air, (carbonic acid gas) still adher* 
ing to, and keeping dissolved a portion of the base" of in- 
digo. I think it more probable, however, that a part of 
the basis of the indigo is, in such cases, hindered by the 
presence of carbonic acid, from attracting and uniting 
to itself a sufficient portion of oxygene to cause a sepa- 
ratism of it by precipitation from the other extractive 
matters yielded l^ the plant; it having been found, that 
by renewing the agitation, of such green or olive-colour- 
ed liquor, and adding precipitants to it afterwards, more 
indigo may be obtained.^ 

acquires from the surface a deep blue colour, soon becoming turbid, 
and lastly the blue precipitate of real indigo will be formed over 
the first/* P. 381, et seq. Precipitants, therefore, should not be 
added to the liquor until the indigo basis has been sufficiently oxy- 
genated; which, among other appearances, may be known by a 
change in the colour of the froth on its surface, which, after ap- 
pearing d/ttf, becomes co/otfr/^M, because the blue matter wliich 
gave it that appearance being no longer dissolved^ tiLbaidca from 
the froth. 

* As the profit of the indigo maker greatly depends upon his 
knowing when to stop the fermenting, as weH as to the agiutuig, 
process, it may be proper that I should subjoin a few observations 
upon each. 

The fermentation begins soonest when the weather is hottest, and 
when the vat has been recently employed for the same purpose; as 
k then retaiqs a kind of fermenting leaven. If the fermentation be 
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Dr. Roxburgh ascertained by experiments, which are 
minutely described at pages 278 — 281, of the volume 
before mentioned, that some of the green indigo liquor, 
taken when just fit to be drawn off from the fermenting 

Stopped too soon, a coDsiderabliB part of the odoiirable basis win be 
left uDextracted, aod lo9t in the plant: to avoid this loss} handfuls of 
the twigs and leaves are frequently drawn from the vatj that it mi^ 
be ascertained whether they are become of a pale yellowy and the 
young tops made tender. Regard should also be had to the colour 
of the liquor, which, so long as the fermentadon has been deficient, 
will have only attained a yellowbh green, with a copious greenish 
froth, capable of being easily dispersed by a few drops of oil, which 
is not the case when the fermentadon has been carried too far. In 
this last event, the froth or scum generally subsides, and the green 
colour of the liquor will lose its brightness, appear brownish on the 
suHkce, and become turbid, from an excessive dissolution and ex* 
traction of the various matters belonging to the piant. The liquor 
which has suffered in this way, cannot bear much agitation after* 
wards, without farther injury to the indigo resulting from it; which 
will become either blackish or of a dull aiate colour, and be found 
very little susceptible of either granulation or precipitation; and 
even with moderate agitation, the liquor which haa undergone this 
excessive fermentation will never afford good indigo. But where the 
fermentation has, on the contrary, been de/icienty though the quantity 
of indigo to he obtained will be small, the quality maybe improved by 
a greater degree of agitation. When too little of this last is given 
to liquor which has not been fermented sufficiently, the indigo will 
manifest a coarse grain, and not only prove less in quantity, but its 
blue colour, instead of the coppery gloss, will retain a greenish cast. 
I will here add, in regard to the precipitants, that the Javanese, as 
M . de Cossigny relates, avoid the want, and use of them, by first fer- 
menting the indigo plants, and then boUing the liquor for a little 
time before it is agitated. It is not, I believe, the practice to put 
water a second time upon the indigo plants in the fermenting vat* 
in order to extract or wash out anj remnant of the indigo basis, left 
in, or adhering to the plant, after the fermented liquor has been 
drawn off; but I am persuaded, that if this were done, and this 
washing, or second extract, were added to the first, a considerable 
portion of indigo might be obtained, which I believe to have been 
hitherto lost. 
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itkto the agitating mt, and impregnated with carbonic 
atid ga3» (in Dr. Nooth's apparatus,) would afi>rd no 
granulation or precipitation of indigo. This was also the 
case 'with liquor obtained by scalding the leaves of the 
indigo plant in large earthen bottles. The liquor thus 
obtained, always became of a yellowish green, and the 
botdes containing it, being inverted in a large vessel of 
water, the liquor remained unchanged for a month; but, 
being taken out, and atmospheric air Jreefy ndmiited to 
ibc liquor, greenish bhe veins were observed to spread, 
fiom the surface downward^ until the whole became blue; 
and then a precipitation of indigo soon commenced. Thb 
experiment was often repeated with the aame resuh; and 
Dr. Roxburgh justly infers from it^ that carbonic acid is 
not the agent, by which the colouring matter of indigo 
'* is separated from its menstruum." Some of the same 
green liquor, being impregnated with nitrogene, from 
iron filings, and diluted nitrous acid, (in Dr. Nooth^s ap- 
paratus) a violet-coloured film was produced, after some 
hours; but no other change took place, until the admis- 
sion of atmospheric air, when the usual granulation and 
precipitation of indigo soon followed. 

Some of the same green liquor, being impregnated, in 
the same way, with hydrogene, from iron filings and di* 
luted sulphuric acid, it '^ was quickly covered with much 
of a deep voilet-coloured scum, but no decomposition 
took place, till the atmospheric air had obtained access 
to the liquor, when it quickly became of a deep greenish 
blue, and let fall a considerable proportion of precipitate, 
which,. on drying, turned out to be the most beautiful 
indigo." 

In addition to these experiments, Dr. Roxburgh tried 
repeatedly, with the same green liquor, admixtures of 
lime water, volatile alkali, caustic lye, stale urine, prus- 
siate of potash, &c. and they all concurred, says he, to 
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^ prove cleinljr, that the most poweifhl pnecipftanis^ add« 
ed to these liquors, cause no deeampositW!^ rpkhout the 
help of Hte open cir. " 

Though Dr. Roxburgh had thus ascertained, the in- 
dispensable necessity of something'^ crfitaiiied from the open 
aiTy to produce a granulation, and preeipfMion of indigo, 
and though he had also ascertained thatdns aUi^, could 
not be either carbonic acid gas, or nitrogene, or hydro- 
gene, or ammonia; he did not adspect it to be oxygene, 
until the farmer edition of this, my first vohime, had 
fiilien into his hand^ theti however, (as I had predicted) 
be, with laudiU>le candour, relinquished his bdief (^ die 
supposed agency of phloguium^ in producing these ef- 
fects; and declared himself convinced, that ^' oxygene 
is the coiouring principle of indigo.''* 

ft 

* The following is eatracted from a Utter written by Dr« Rex* 
burgb, to Robert Wiasetti esq. and dated Csicutia* 29th Oetober, 
1797. ' 

<< I have seen the heads of my essay on indigo published, and 
commented upon by Dr. Bancroft; In consequence of seeing eo good 
Uk use made of it) I am eoconraged to' send to your carei by Mr. 
Brown, the surgeon of the AlbBon, a package of a colouring drugy 
which I do not imagine has ever reached Europe, viz. the colour^ 
tubes of the blossoms of JVyetanihes arbor tristis, of Linnaeus. The 
Hindoos use them to give a most beautiful orange colour to cotton 
ololhai but with them the colour soon fades. 1 will thank you to gn^ 
the parcel to Dr. Baocro£t» and aHo beg of you to infenn him» that / 
am novf a convert to hU ofdmon^ vis* that vital air^ or oxygene^ ia tkc 
colotirin^ firincifile in indtgo,'^^The hot water process begins to be 
Used over these provinces, by some of the best manu&cturers; with 
it they can make indigo, when the weather m too cold fi>r the usual* 
process of fermentation, and it gives a more beantifal aad lighter 
indigo, like the guatumala, or fine Spanish flora. I send you a tfam^ 
pie of some made by Mr. Pope, of Cossimbuzar, a moat valuabior 
farmer.'* 

When Dr, Roxburgh was lately in Europe, he obligingly left 
with me, not only samples of the indigo here mentioned, (and which 
is truly excellent,) but of many other sorts, manufactured in different 
wayS| from different kinds and species of vegetables yielding indigo, 



M. BerAoBet seems not to have wdi understood the 
effect of aonie parts of the process lately des(^bed« He 
says, torn. ii. p. 42, that the atmospheric air does not ap« 
pear to interveiie or partake in the fennentation, becmise 
there is a discharge of inflammable air« But it was.fi^Uy 
ascertained by Dr« Roxburgh, that a copious abmrf^wn 
of air fromitfae atmosphere, did occur; and that oxygenic 
did combine with the basis of indigo, in^i ccmsiderahle 
degree, during the fermentation, was manifested by the 
progrcstjve ehaage^ which as usual. ooostantly took.piice 
in the colour ofAe liquor^ during.the fermentation, os^ 



and with differont precipiuntt, Sec; all ssrffa^.sitiier tois^flrm 
or illustrate particular factft respectiog thia iii^^re^ung subje^^^bi^l^ 
a disiinct account of them would occupy too mucli space. 

The scalding, or <* hot water process,** mentioned in the preceding 
extract, had been previously recommended by Dr. /Roxburgh, and 
is, indeedf abM^otely ticcessary to obtalii iiidi|*d' -fi^om the lea¥e« of 
the neriom tinctonimy which, affords nonel^r ifiBftnantatioovvyitb 
wmter moderately warm. It is en^ployed, as the I3|octor. inlqrms US| 
by " the natives throughout the northern provinces or Circars/' 
(of CoitimandeO and ^ in many parts oC the Camatic,'*in malting 
indigo firom the common indigo plam. Antonj^ tbd 4dviaitag«irBU- 
ted to result from it, are,— First} that of a more complete and cer- 
tam extracdon of the bans of indigo, (by thus s«bjeding tbe pl&nt 
to the actkm of water, heated to about 1 50«, or 1 60^, of FahpeiiUeit's 
scalB,) than can be expected bf the fermenting process; with which 
the plant, as M. de Cossigny asserts, (Treatise -on Indigo^ p, - 145,} 
wall yield indigo, upon being feimcnied a 9ec^nd titwe^ > ■ Seco nd, 
that of not ioji^riiig the health of lahoarers eiti^oftfdiii if; Ihie €ar^ 
booic acid gas, and putrid miaama exhaled bf it, bdiag mudi Jess 
than by the fermenting process.— Third, that of requiring leM agi. 
tatastt; because the heat employed, greatly promotetthe i^sdrption 
awleoliibinatioii of oxygene.^— Fourth, thai of completing th«[ ope* 
ration mncli sooner, so that it may be p er fo r m ed two or three thbea 
daily, upon a largo scide.~Fifth, that of affording snc^, wjildi 
dries quickly, without acquirbg any bad ameU; and which ^\iit 
merer that fljoty appearance common to fenncsited indigo; but in 
s«fti»e«s and levity in bhei or oven «o{>brior,:to Spanish fioriuV 

Vot.i S 
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it acqaired afail green, and ei«tt bkidsfa oalour, tfae^tb 
or scorn becoming mace or feaa blue, at tbe aamo thnr; 
thia change was not tu&nown to M. BecdioHet, but m-* 
sisad of ascribing it to thcaxj^oiatwn of the indigo bi^ 
sis, he supposed it to result from the sepacadoii, or dea- 
trucdoD of a yeibno substance, which ga^e th^ jdaat a 
greenish tint; thus intimatingi that the indiga hid existed 
naturally of a blue cohwr in the piant, which certaiidy is 
not the fact* 

Some of the msntifscturers of this Gommodii^, in the 
£aBi Im&s, have lately purified their indigo, by takii^ 
it immediately from the small dripping vaU^ and l>oiling it 
in copper vessels, with water and fossil alk^, (soda;), and 
aftenrards carry ii^ it to what d^e cafied the dripping ta- 
blest to undergo the treatment usually employed for bring- 
ing it to the farm of dry cakes, lathis way those impuri- 
ties which Mflb can dissolve, will be sepairated; but odiers, 
on which it has no action, will remain. For these Dr. 
Roxburgh, as well as M. de Cossigny, have recommend- 
ed Uie application of a diluted sulphuric acid, which is 
said also to br,ighten the colour;* as indeed it might be 



• I 



^Awaion^ the ttnpks of iadifo, whh wUch I hbb finroured hf 
Dr. Roxburgl^ are Ibree extracted fnom the GmUatmUa indigo plaoty 
produced by seed, famished by Gokynel Kyd; and diey are Mtted 
to have been made on three suocettive days, i^ii. 

On the>firat» 104lbe» of lesresand shoots were cut at wuiPruej and 
by tha xiaiwl pfacei% they ^yielded six ottaoes ^ of tery beantifiil 
indlgtii i* e# attbe^nte of one ounce from about 17 lbs. of leaves and 
ahoota. 

On tbe aeeood da9^ 64lb0i of feaTea a&d ahoota, also cotat mak* 
mtf yielded ia tbe saona way^four ounces ^ of veiy fine iadigro^. 
•r «l*tbe mte of one omice from less than lOlbs* of the leaves and 
fiwigSft This indigo was washed, with d»lttted sutpburic acidi and 
three seteial limea afterwsrdsy with hot water; sad thougb the pro* 
duce was largeat^ tbe colour was a little the brightest. 

On the third day, iSlba. of the leaves aad twigs, were cut at nomtf' 
the sun havbg shone upon them se?eral hours; they produced in 



expected to do, in the vwy that the o^ur of tildigodis- 
solved by it for the Saxon bbte^ is brightened. Probftbljr 
the cGftrlMf acid, hei« recommended, will not be capaUe 
of ifipiiniAing the colouring matter of indigo, by dia- 
^Olring and removing any part of it: but if there were 
any dinger of this, it would be adviaaUe to anlistitiite 
the ninriadc acid, whid^ could have noauch effect, upon 
the in£go itMtl/f dKNtgh it is equally eiBcacious in din<rf- 
ving all other matters likely to be mixed widi indigo. It 
is, however, doubtfbl, wh^er any considerable advan- 
tage would result from these appficatsons^ they could 
add nothing to the Hf^eni p&tver of die indigo, though 
they might improve its appearance^ but evtn this oolthl 
not -be dc»ie without such a diminution of its weight, aa 
would counterbalance the latter advantage, and in gene- 
ral dyers know how to avail themsdves f uUy of the tin« 
gent particles of indigo, whatever cEtraneous matter it 
may contain. 

Besides the several species of indigofera, alread)p men- 
doned, and the Nerium tinctorium, (respecting which I 
must refer toDr. Roxburgh's publication, in the xx viiitfa 
^^ vol. of Transactions of the Society of Arts, See.) there are 
several plants which possess the basb of indigo, though 
the characters of some of them have not been well ascer-' 
tained. Thb latter observation, however, is not applica- 



the Mine waj time oubces ^ of purs indigo; i* e. ooe ounce fiom 
about 1 91b8. of leaves and twigs. This indigo waS} I believe) intrinsi- 
cally the best, but like that of the first day, was not vftuhedi and the 
colour, though very beautiful, was in brightness a littk inferior to 
that of the second day. 

Conddering that the leaves and shoots were cut at noon» on the 
third day, when the rays of the sun flight be expected to cause an 
exhalation of much aqueous vapour, it is surprising that so little in- 
digo i^as obtained. 
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ble to a plant lately found by Dr. Roxborgli, to aflbrd in-* 
digO) and by hkn denominated indigofera coeruka, {car^ 
neeh of th^ Telingas,)of which he has dto gb«n a miniite 
d€acrt[itiiin in the volume just mentioiicd; aind from the 
leaves of which, says he, *' I have often extracted a mkK 
beautiful light indigo.''* 

There is, moRMnver, a plant, bdongihg to a veryrdif* 
fereat class, first mentioned as producing indigo, I be- 
lieve by Mr. Marsden, in his History of Sumatra, p. 
78, under the name of romain akkar. Hk deacribes it 
** as a vine, ot creeping plant, with leaves four or five 
indiea long, in shapt like (those of) a laurel^ but finer, 
and of a dark giten colour" he adds, that *^hj reason 
of the largeness of the firiiage, it yields a greater propor* 
tion of sediment." This plant Dr. Roxburgh oonsid^ as 
a species of asdepiai, or s wallow-woit, and has added to 
it the trivial or specific name of tineUria. It appears to 
be nearly related to the nerium; both belonging to the 
natural order of contort^c, and bodi yielding their colour- 
aUe matter from the leaves, most copiousty, by hot 
water. t It was brought from Sumatra, and widdy'd»» 

**! Imve now before me teTen tpecirottis of indigOi given to me 
bj Dr. Roicburgby and maile Uy him from, the iodigofem coenilea, 
with the help of hot water, to extract the colourable matter. They 
are similar to the same number of samples which the Doctor sent in 
1793, with a description of the plant, to Mr. Ross, at Madras, to be 
forwarded to the Court of Directors of the India Company, and are 
all very fine bluef or violet indigO; particularly four of the seven, 
which in appearance and effect, are, in my judgment, equal to the 
finest flora of Guatamala. 

t Dr. Roxburgh has favoured me with three samples of indigo^ 
which he obtained from the asclepias tinctoria, by hot water; one is 
a'very'fine violet-coldured indigo; another is more inclined to blue, 
and the third to purple; the two last were specifically a little heavier 
than the first; the worst of tliem, however, would} I think, be con^ 
sidered as worth 89. per pound. 
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Uibiifed m Beogil, «boiit the jnu 1791; 19 pemyudy 
and easily propitiated by layersi dipa, or cuttioga. I aiea* 
tkm tbeae particulars^ because I shall hsTf oocasion to 
refer to them presendy, in rc^;ard to a substance deao- 
niBated barasat verte* 

ProfessiH* Thomas Martyn^ mentions the gdega tioc* 
toria, as bekig the plant from which the. inhabitants of 
Ceylon prepare their indigo, whidi yiekU a pak Uiie 
dye (see his edition of Millar's Gfrdeoer's Dicttonary.) 
He slsa mentions, pa the respectable authority of Lou- 
reiro, that the apilsnthus tinctoria is euUivnted in Chi* 
na, and. Coohinchina; that the leaves bruised, yidd a 
most excellent blue colDur, and a greeni prepared by a 
method more easy than from indigo* and not infinior in 
brightness. 

Limueus says, the Swedes obtain a blue colour fi^m 
the scabiosa suocisa, by treating it like the isatis tincto- 
ria, or woad fdant; and I have been informed, that die 
cbekanthus feaestrays, or claster-leaved stock giliyfloar* 
er, is also capable of yidding indigo* This may be easfly 
ascertdned. . ^ 

Besides {dants of the genus of indigofera in Africa, 
we have reason to bdieve there are severd bdongiqgto 
other genera, csqiable of producing indigo« Dn Wipter* 
bottom says, ^* there is now no room to question that 
the blue dye, commonly used by the natives of the 
windward fioatt^ is not indigo, but is obtained 6%m a 
very different plant." He adds, '^ a few roots of it, I am 
informed, have lately been planted within the settlement 
(of Sierra I^eone,) so that an accurate description of it 
may soon be hoped for." Probably, this is the plant to 
which Professor Afzelius alluded, when, upon his re* 
turn from Sierra Leone some years ago, he told me he 
had discovered a new plant producing indigo, of which 
he intended soon to publish a description* Dr. Winter- 
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bottom also states, oh tte autln^tjr of M. Isart, (Reiee 
naek Goinea) that on the gold eeaat, the negroes, ki«- 
trtead of the fndigo^ plant, infuse '* the leaves of a spe* 
cies ef bignonia, and the root of a species of tabernee- 
montana, with a lye of wood ashes, to dye cotton blue.^^ 
See his aakMint of the Native Africans, vol. i. p. 97^ 
The amorpha fhiticosa, and the sophora tinctoria, Lin. 
also afbrd c^oarse sorts of indigo. 

This production often differs greatly in regard to te 
sjieelfic gravity, some indigo being lighter than wateri 
and the lightest being alwa}^, and juatly, the moat es- 
teemed; because it is al\Vays the purest, excepting only 
when the comparative weight has been increased, by 
vtrj fopeibk pp^mre^ to separate the t^ater, and accele- 
rate the drying, that it may not be in danger of be** 
coming mouldy.* Indigo is sonietlmes adulterated, b^ 
fimudulently adding to it various gummy, resinous, 
eaithy^ and mucilaginous matters, and paiticuFarly an 
pHtnAX from the fruit of the embryopteris gliitinifera, 
denominated gmih^ in the East Indies. It is also render- 
ed both heavier and less pure, by employing lime too 
copiously, as a precipitant, which not only subsides, 
mixed with the indigo, but also throws down many 
other useless matters. This also happens in a greater or 
lesser degree with other precipitants, when used in ex- 
cess,- and more Especially unth alum. 

Indigo also differs in regard to its colour, e. |p. the 
Guatamala, which has long been the most esteemed of 

« 

*Qo«tMipeie DIjoBville assorts, and I believe truly, that iadigp 
doseljr packed) und toclwled from atmospbtric airi viH 9Qon hm 
come bot, and uiulef |p> mm^ degree of fermmitativiiy l>y wltfcb 
white specks will be formed within the cakes of iodigo* See hU 
<< Analyse et examen Chemique de rindigo^ be." M6m. d^s s(av, 
etrang. tom. ix. Indigo in drying should always be shaded from the 
suiif and a fVte ciunren| of air be aaade l# pass oimr it 



JX the vtfsktitt of Aiiieri^Mi iodigo^ Ha divided \ni6 
tiiree sorts; of wfaicii the first, called by the Spaniards 
Jlota^ Ym a tery fine blub coltfari the second, which 
bears the natnc soM $aUiente^ is violet; dtid the third, 
aamed cortucohr^ iw copptr^coloiifed* When the first 
of these h sold $i 9e^ tte pound, the second b com- 
monly Ibongltt to tfp WDttk 7^1. and the third 5^. 6i/« 
Of tlie East Iiidiaa indigo, that of Java was formerly 
most esteemed, bat since the aianufaeture of this comw 
modity has so much engaged the attention of the Bri- 
tish infaabitaats in that part of the world, indigo supe- 
rior even to that of Goatamato, has beeii imported, inf 
, connderable quantities, from the British possessions 
there: And of this, the finest blue commonly sells 20 
per cent, higher even than the finest glowing purple, 
(tfaoogfa the fa»t probably contains nearly as ^ucb co- 
louring matter as the first,) and 70 or 80 p^r ceWtw 
h^ber than the best copper-cdourcd The price has^ I 
believe:, also, been sometimes afiected in this country^ 
by the size and form of the indigo cakes; the large and 
square selling for more than those which are flat and 
thin, and these last for more than broken indigo, though 
it must all be broken and powdered, before it can be; 
advantageously used. 

M. S^rthollet has proposed to ascertain the compara- 
tive values of different parcels of indigo, by dissolving 
equal portions of each in sulphuric acid» and afterwarda 
destroying their Gokmr by adding the oxymuriatic acid 
to them, severally; always considering that indigo as 
most valuable, which requires the greatest portion of 
oxymuriatic acid for the extinction of its colour. But 
probably tbo relative qjuantity^ and value of colourioQ 
Blatter^ m aay pareet of indigo, might be as wett mtt^ 
sured> or ascertained, without employing the (Vxymn. 
riatic acid, by mixing a certain portion of the indigo. 
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when dissolved bj wlphufic acidt with a ccMun ^pm-^ 
tity of water in a glass, and comparing the depth, or 
fullness of its colour, with that of other indigo treated 
in the same way, and taken as a standard or point of 
comparison. But, after all, thore will be so much in- 
equ^ity in the different pieces or. cakes of indigo, as it 
is commpnly assorted, in any one jtackage, that consi- 
derable uncertainty mu3t attend any m^od of ascer* 
taining its true value, by trials with amall parts or 
samples only. 

The most accurate analysis of ind^, with whidb I 
am acquainted, is that recently made by M. Chevreuil. 
He took for this analysis the best Guatamala indigo* 
and found that by digestion in hot water ^ it yielded to die 
latter, ammonia, indigo at the minimum t>f oxidation^ 
combined with ammonia, a particular green matter, in 
union with ammonia, gum, and a small quantity of 
yellow extractive matter; amounting all together to 12 
parts for every 100 of the indigo employed. From the 

* What IB here called indigo at the minimum of oxidation, ought 
to he rather considered as the bans of indigo; for while it is sus- 
ceptible of dissolution, either bj water, or alcohol aloncy it does not 
possess the properties, nor strictly deserve the name of indigei, 
though capable of acquiring the former^ and desenring the lattery 
hj a sufficient addition of oxygene. The existence of this basis, or 
of indigo at the minimum of oxidation, in the best Guatamala in- 
digo, prof es the difficulty of thoroughly combining the former, 
with itB/uU fiorfiortion of oxygene by the usual process; and if it be 
tltfis contained in Guatamala indigo, howmuch moraof it will have 
been left suspended and lost in the b^^ting vati aa ccwnmon^ ma- 
iviged? M. Berthollet mentions, probably from pM'sonal observa* 
tion, that in Egypt, the indigo-making process is so badly conducted, 
that the indgo produced by it, is always greenUhj Q* verdatre") and 
gives a bad colour; and that it is so much disposed to dissolve by 
fermentation, that the dyers need only mix a litde Mmm sugar 
with it in the vat, to excite one, sufficient to render it fit for dye- 
ing. An effect which could only result from a deficient oxygena- 
tion. See Elements, &c. tom. ii. p. 41. 
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remaiBing 88 parts he obtained by digestion with alco- 
hol, SO parts, consisting of a green matter, a reddish 
resin, and . a litde indigo. By digesting the residuum 
with . muriatic acid, he obtained 6 parts of '* rerine 
rouge ^^ 2 parts of carbonate of iron, and 2 parts of red 
oxide of iron, in union with alumine; after these had 
been all separated, there remained about three parts of 
siliceous earth, and 45 parts of pure indigo. This last, 
but no other part, was capable, when burning, of emit* 
ting that beautiful purple emoke^ by which indigo is 
peculiarly distinguishable; and which consists of indigo, 
rendered volatile by heat, without any decomposition. 
He concluded from this analysis, and from other expe- 
riments, that indigo may be purified ** par la voile 
seche,^ et par la voie humide;" that when purified, it 
is susceptible of volatilization and crystallization: and 
that, when most purified, its colour is purple^ rather 
than blue. (See Ann. de Chimie, torn. 68.) I think it 
probable, however, that this purple appearance results 
from a greater condensation of the colouring matter of 
indigo; since that of Prussian blue, when most pure, 
exhibits a similar purple coppery aspect. 

Beif^an after separating, as far as he was able, the 
extraneous matters mixed with indigo, found that 100 
parts of it left 47, which he con^dered as its colouring 
matter, very nearly in a state of purity; and this being 

* The pure part of indigo nmy bo all converted to yapour, with* 
out any decomposition, by an elevation of temperature, a little 
below the point at which it would be decomposed, and the ntnulta- 
neous application to its surface, of a current of any elastic fluid, 
which exerts no chemical affinity upon the indigo. This, however, 
will be most advantageously performed, with but small quantities 
of indigo; for in larger, it will suflTer a partial decomposition, if 
kept for any conuderable time at such a temperature as is neces- 
sary to'render it volatile. 

Vox. I. T 
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carefully distilled by itself, yielded 2 parts of carbonic 
acid, 8 of analkaline liquor, 9 of an empyreomatic cA, 
and 523 of charcoal; which last, being burnt in the open 
air, left 4 parts, of which aboirt one half was an oxide 
cf iron, and the remainder a fine siliceous powder. 

Bergman supposed the blue coloor of indigo, to re- 
suit from a combination of iron with the colouring mat- 
ter of the plant, as the colour of ink does from the union 
of that metal with the cc^uring matter of galls, and that 
of Prussian blue from its union with the prusdc acid. 
But these supposed analogies are without any founda- 
tion; for the proportion of iron is not only by much too 
snlall to produce such an efiect, but k pMsesses no 
affinity for the basis of indigo, nor the least power of 
influencing, or contributing to its colour. 

M. de Chaptal, (who as a minbter and a chemist, 
has manifested a great superiority of intellect, and of 
science,) appears to think, that in the fermaitation 
of indigo, charcoal greatly contributes to produce its 
blue colour; ^^la dissolution des regetaux, (says be,) 
donne un charbcm d'un tres beau bleu, et il est proba- 
ble, qui lorsque la couleur bleu est develIopp6e par la 
fermentation, le carbone est presque mis a nu^ et qu'il 
reste en combinaison avec une huile, qui ajoute a la 
fixit6 de la couleur, et indique le dissolvant le plus con- 
renable.^' (Chim. appl. aux Arts, torn. ii. p. 406.) But 
if this reasoning were just, why is it that so few vege- 
tables can be made to produce indigo, though all of 
them contain the basis of charcoal; and what becomes 
of the supposed charcoalt when by depriving indigo of 
its oxygene, in the way which will be hereafter explain- 
ed, the basis of it, dissolved and secluded from atmos- 
pheric air, is rendered colourlessy^ and pelhteid^ until by 
the re-admission of oxygene, its colour is reproduced? 
Certainly there is no instance in which charcoal has 
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been rendered ookmrlew by an abstraction of oxygene, 
and afterwards black, by the re-union of it. Probably, 
^ only similitude between charcoal and indigo, is that 
which I formerly pointed out; i. e. that in each, the 
basis combines with oxygene, and thereby acquires 
colour and stability; with a complete indisBohibility in 
the former, and a very difficult sdubility in the latten 
But as tibeir bases sre different, so are Uieir respective 
cdoiirs, and several of their other properties. 

The ccdouring matter of all sorts of indigo, is nearly 
the same, and capable of giving nearly similar shades 
of colour, whm the basis has been sufficiently, but not 
excessively oxygenated. The impure or extraneous 
matters, mixed with it either unavoidably, or fraudu- 
lently, are many and variou; and they may be gene* 
nlly dissolved or separated^ by th^ means employed by 
M« Chevreuil; but when diis has been done, there are 
very few chemteal agents, capable of acting upon the 
re^ual pure oolouiing auitter of indigo, duly consd* 
tttted* T^ere ia» Indeed, but ime waj^ in which it can 
be dissolved, without injuring its basis, and diminish- 
ing the stability of its colouring matter; and this is, 
not by any smgJe i^^cnt, but by the co-operatum of se- 
veral: of these, the first are such as by possessing a 
greater affinity for oxygene, than that which is exerted 
by the basts of indigo, are enabled to deaxygenate the 
latter, or at least deprive it of a great portion of its oxy- 
gene, so as afterwards to render it soluble, by means 
which otherwise would be incapable of acting upon it; 
particularly lime, and the several alkalies, in their caus- 
tic state. 

The matters en^loyed to deprive indigo of its oxy- * 
gene, and thereby render it soluble, are either vegetable, 
animal, or mineral. The vegetable are chiefly such as 
excite, or promote, fermentation; and indigo seems to 
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liave been exclusivelj employed with these, for some 
time after it was first made known, for dyeing in £u« 
rope. Until that period, blue colours had only been 
dyed by the wood, as I have already mentioned; and ii: 
being erroneously believed, that the ccdoors of indigo, 
if employed 6y itself would prove fugitive, it was in 
some countries totally prohibited, in others only per- 
mitted to be used when mixed with about one hmidred 
times its weight of woad, in what was caHed the woad- 
vat. This was, and continued to be, the case in France, 
even under the enlightened administration of Odbert, 
and afterwards until the year 1737; when, in conse- 
quence of the experiments and representations of M. 
Dufay, a new regulatioif^was issued by the French go* 
vemment, permitting the dyers to employ indigo either 
alone, or with woad, at tbeir option. The preparadon 
of the woad- vat, under the name ^ Cuve de Pastel, 
was minutely described by Heliot, (Art de la Teinture, 
chap* 10,) as it has been since, more correctiy, by 
Quatremere, BerthoUet, Chaptal, and others; it is, be- 
sides, so well known to practical dyers, that a particular 
Account of it from ine cannot be wanted by them, and 
it would be superfluous to my other readers, who need 
(Hily to be informed, that die woad is brought to ier^ 
ment by first pouring over it a boiliilg decoction of 
weld, madder, and bnm, and 1^ keeping it afterwards 
in a suitable temperature, until blue veins appear cm 
the sur&ce of the liquor. Quick lime is then added to 
it, and also the proper quantity of indigo, finely ground 
with a small portion of water; the mixture is then well 
stirred, and afterwards covered over; and such other 
means are employed as may be necessary to keep up 
the proper, and only the proper, degree of warmth and 
fermentation, until a sufficient ^sK^Mc^Ma^iM^ and solu*- 
tion of the indigo, has taken ][dace, which may be 
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known by die bine or shining coppery colour of the 
liquor on its surface, (where the indigo is constantly 
revived by an absorption of oxygene), and by its green 
Hni every where beklw the surfiice. With these ap- 
peanmceSt die liquor will be fit for dyeing, and though 
die cokMir which it gives to wool or cloth will be green, 
when first taken out of the dyeing liquor, it will very 
q)eed3y become blue, when exposed to the air, by at- 
tracting and regaining the oxygene taken from it during 
the fermenting process; the abstraction of which was 
the cause of its green colour. 

It has hitherto been found extremely difficult to 
attain the proper, and only the proper, degree of fer- 
mestation, in conducting the woad-vat; and this diffi- 
culty seems to have' resulted principally from the ever 
varying properties of the woad, as it has been commonly 
and ignorantly prepared. Indeed, there is good reason 
to believe, that it would be much better if the manu- 
fiK^turers of this article would wholly abstain from gi v« 
ing it any sort of fermentation, {which at best is certainly 
unnecessary), and content themselves with barely grind* 
ing the plant, and drying it as expeditiously as possible, 
forming it into balls at the proper time. Much also de- 
pends upon the quantity of lime employed; not only for 
the purpose of dissolving the indigo, but also for that 
of moderating the fiermentation; which, when excessive, 
induces a putrefitcdve process, and destroys the tingent 
power both of the isatis and indiga Too much lime, 
on the contrary, obstructs the necessary degree xA fer- 
mentation; the colour of the liquor then becomes black- 
ish, and the vat remains useless, until the obstacle has 
been overcome, by the addition of matters suited to 
counteract this excess. This vat, or preparation of indi- 
go and woad, is very generally employed for dyeing 
wool and woollen cloth or stuffs. 
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Indigo is moreover dissolved, without anj admixCore 
of woad, in a vat which Heqtiet d'Orval et Ribaucoart, 
Bertholiet, and others, have described under the name 
of Cuve d'Inde, or Indigo-vat; and which is also well 
known. For this the indigo being ground with a liCde 
water, its deoxygenation is produced by bran and mad« 
der, (acting as vegetable ferments,) and its (fissohittoa 
by potash. This is liable to fewer failures dian the for- 
mer vat, but it is more costly, and is chiefly employed 
to dye silk. When fit for use, the surface of the liquor 
exhibits a blue scum, intermixed with patches of a 
shining coppery colour, and the mass below the sur&ce 
appears of a fine green. 

The only vat in which animal matters are made to 
co*operate in the deoxygenation of indigo, is Aat with 
urine, now but little used, except as a domestic dye Ibr 
small woollen articles; madder, or some other vegetable 
ferment, is commonly added to assist in abstracting the 
oxygene, and wlien this is done, the ammonia, or vola- 
tile alkali, of the urine, produces a dissolution of "die 
indigo. « 

The influence of minerai agents in the deoxygenation 
of indigo, is yet more obvious and interesting than that 
of animal or vegetable ferments; and the former arc, 
therefore, advantageously employed by dyers and call- 
CO printers, in fixing the colour of indigo upon linen 
and cotton. Of these the principal is the oxide of iron, 
at a l^fw degree of oxygenation^ as it exists in the sul- 
phate of that metal. Dr. Priestley appears to have first 
noticed the powerful attraction exerted by this sulphate^ 
or by the oxide recently precipitated from a solution of 
It, upon the oxygene of the atmosphere, though its use, 
in promoting the dissolution of indigo, had been pre- 
viously discovered by dyers, but without their havni|^ 
had any suspicion of its mode of action. 
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Indigo moistened, and finely ground, being put into 
warm water, with twice its weight of sulphate of iron^ 
and the same quantity (as the latter) of pure lime, re* 
cently and well burnt, will, with a Utde stirring, be 
dissolved in twenty-four hours. In this mixture, a part 
of the lime unites with the sulphuric acid, forming cal- 
careous sulphate, or selenite, and at the same time pre- 
cipitates the oxide of iron, which, not being saturated 
with o^ygene, attracts so much of that which was com- 
bined with the indigo, as to rend^ this last soluble by 
the lime in excess, above that which was required to 
satunrte the sulphuric acid. The beginning dissolution 
of the indigo, may be perceived by a shining copper- 
coloured pellicle, which forms itself on the surface of 
the mixture, while the liqucH* itself becomes green, and 
afterwards gradually inclines more and more to the yel- 
low, as the solution advances. When it is completed^ 
and the liquor settled, the cotton yarn or stuffs are to 
be dyed in it: they appear yellow when first taken out, 
but by absorbing the oxygene, will rapidly assume and 
pass tiirough the different shades of green, and in a few 
minutes become blue; the oxygene regenerating the in- 
digo, in the pores of the cotton. 

Mr. Haussman, of Colmar, in Alsace, who, with a 
considerable stock of chemical knowledge, daily prac- 
tices the arts of dyeing and calico printing, published 
an excellent '^ Memoire sur I'indigo, et ses dissolvans,^' 
in the Journal de Physique, &c. for March, 1788, in 
whidi he observes, that the change of colour from yel- 
low to blue, in cottons dyed as before mentioned, may 
be greatly accelemted, and ihe blue rendered deeper 
and brighter than it would otherwise become, by plung- 
ing the dyed cottons, when first taken out of the vat, 
into wat^ soured by vitriolic acid, which hastens the 
regeneration of the indigo, and moreover dissolves and 
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carries off a portioa of white calcareous sulphate, or 
selenite, which would otherwise diminish the intensiQr 
of the blue colour. 

If the colour of the vat be not all used, soon after it 
has been prepared, it will require occasional stirring, 
since the dissolved indigo, by continually absorbing 
oxygenous gas from the atmosj^ere, will be ccmstantly 
revived upon the surfece of the liquor; and, when ac> 
revived, it can only be re-dissolved, by bdi^ again 
subjected to the combined action of lime, and oxide of 
iron: if by length of time these should beccmie perfectly 
saturated with oxygene, and carbonic acid, before the 
blue colour is all used, a farther portion of each must be 
added, and somewhat more of lime than of the sulphate 
of iron. 

It must be observed, that where lime is the only sol- 
vent of indigo, as in the vat last described, the colour is 
not sufficiently condensed for dyeing very deep Uues; 
and, therefore, when these are wanted, it is found best 
to increase the power of the lime hf an addition of pot*, 
ash, or vegetable alkali, not exceeding in weight twice 
the weight of the indigo to be dissolved. 

In calico printing, when different shades of blue are 
to be produced in the same piece, the indigo finely 
ground with sulphate of iron, and prqierly thickened, 
is first printed on the calico, which after drying, is put 
alternately into lime water, and then into a solution of 
sulphate of iron, in different vats, until by these means 
a sufficient abstraction of oxygene is made by^the lat- 
ter, and a sufficient dissolution of the indigo by the 
former, to fix the colour permanently. This is called 
China blue, and M. Chaptal mentions it as an instance 
in which the colour is applied before the mordant. But 
it seems to me that there is no mordant in this opera- 
tion, which has for its object, nothing but a dissolution of 
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Mtf mSgo^ which being dissolved, fixes itself by simple 
application. 

Mr. Haussman observes, that all the precipitates of 
iron, whether obtained fit>m solutions of that metal by 
the mineral, vegetable, or animal acids, will serve, with 
quick lime, to dissolve indigo, as well as that of green 
vitriol, provided, and so long as they retain the property 
of absorbing vital air; but that a nitric solution of iron, 
or the rust of it, or any other preparation, where it 
exists in an ochrous form, not attracted by the magnet, 
nor capaUe of attracting pure air, will be wholly useless 
towards producing a dissoluti(xi of indigo, even though 
employed with an excess of quick lime, or of caustic 
alkali. 

. Mr. Haussman further observes, that caustic alkali, 
with fine iron filings, instead of the precipitate from 
copperas, would not dissolve indigo; but that (regulus 
of) antimony, brought into the form of a powder, dis- 
served it perfectly with the caustic alkali, or quick lime 
slacked by water; though the calces, or oxides of anti- 
mony, in diis way, pzx>duced no such efiect: nor did any 
precipitates of copper: on the contrary, they all seemed 
rather to hasten the regeneration of indigo, after it had 
been dissolved by some other means. This effect of the 
oxides of copper, (which results from the great facility 
widi which they relinquish their oxygene) is now well 
known, and calico printers avail themselves of it in 
making what are called reserves^ or applications of ver- 
digrise, sulphate of copper, or tobacco-pipe clay, and 
glue, or in its stead, taDow, mixed and printed upon par- 
ticular parts, intended to be hindered from imbibing the 
indigo blue, and kept whitey while the rest of the piece 
is dyed. After mentioning this effect, it can hardly be 
necessary to add, that when the sul{^ate of iron is want^- 

Voh. I. U 



154 PMhiophg ofPernumtnt Colours. 

ed to dtoxygenate indigo^ tare should be taken that it 
be not mixed with any oxide of copper. 

I have repeated most of Mr. Haassman'a experi- 
ments, with diffirrent precipitates, or oxides of iron, and 
with effects nearly similar to those he describes. I found 
that neither the rust of iron, nor the nitric oxide of it, 
would assist in the dissolution of indigo; obviously be- 
cause they were both already saturated with oxygene: I 
also found, that even the oxide precipitated from sul- 
phate of iron, fiuled, and for the same reason, wfaen^ 
instead of separating it by lime, it was obtained by dis* 
solving the sulphate in water, and leaving it for acme 
weeks exposed to the air in warm weather, where die 
iron was farther acted upon, and saturated, as well aa 
predpitated, by the oxygene which it gained from the 
atmosphere* 

It is upon the same principle, that the topical indigo 
blue, employed by calico printers, cUefly with the pen- 
eil, is made, only substituting for the sulphate of iron, 
a portion of red* orpiment, (sulfure of arsenic), which 
has a similar power, when dissolved by an alkali, of de* 
priving indigo of its oxygene, and thus rendering it 
soluble. The ingredients of this composition are by 
diffident persons, mixed in different proporticMis, and 

* Red orpiment produces a better effect than the ytiltm^ because 
it contains less oxygene. The fact was known long before the 
cause. Until lately it was supposed, that the red and yellow differ- 
ed only by containing different proportions of sulphur; and that 
this difference enabled one to act more efficaciously than the othefv 
in the deoxygcnatioii of indigo; but thb is not true* When erpi^ 
ment ia employed in this way^ the alkali precipitates the arsenic m 
its metallic form^ depriving it, at the same time, of a part of its 
•sulphur. After whichi the metallic arsenic acts upon the indigo, in 
the same way as the oxide of iron does, when green Tttriol is em- 
^oyed, and by suflficiently abstracting Uie oxygene of the iadigo» 
enables the caustic alkali to dissdre the latter. 
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wUl succeed with considerable btitude in this respect; 
indeed, the variaUe qualities of indigo, render it diffi- 
cult to prescribe any exact proportions, which shall 
be always equally efficacious. 

Mr. Haussman mixes twenty-five gallons of water, 
with sixteen pounds of indigo, well ground, (or a 
greater or smaller quanti^, according to the quality of 
^ indigo, and the depth of colour wanted), to which 
he adds thirty pounds of good carbonate of potash, 
placing the whole over a fire; and as soon as the mix* 
ture begins to boil, he adds, by a little at a time, twelve 
pounds of quick lime, to render the alkali caustic, by 
Absorbing its carbonic acid. This being done, twelve 
pounds of red orpiment are also added to the mixture, 
which is then stirred, and left to boil for some little 
time, that the indigo may be perfectly dissolved; which 
mHy be known by its giving a yellow colour, imme* 
diately upon being applied to a piece of white transpa- 
rent glass* M« Oberkampf, proprietor of the celebrated 
inanufiwitory ift Jouy, near Versailles, uses a third more 
of indigo; and others use different proportions, not only 
of indigo, but of lime, potash, and orpiment; which all 
seem to answer with nearly equal success; but with tb^ 
best violetpcoloured Guatamala indigo, it is certain that 
a good blue may be obtained from a less quantity than 
that prescribed by Mr. Haussman, by using as much 
recently burnt pure lime, as of indigo, the same quan- 
tity of orpiment, and twice as much potash. This com- 
position is to be thickened by gum, which should be 
dissolved in it whilst hot; and it should afterwards be 
kept secluded as much as possible from the access of 
atmospheric ain 

Indigo dissolved in this way, for penciling or printing, 
I shaU hereafter call fiscal blue— its strong tendency 
to attract oKygene from the atmosph^e, and to be 
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jtbereby regenerated, renders its use subject to many 
difficulties; it being almost impossible to pencil, and 
more so to print therewith, a piece of cotton throughout 
of the same shade, whatever pains may be taken to apply 
it equally, and quickly, by the most expert and careful 
hands** It wiU give a fast colour, only so long as it 
continues yellow, or, at most, of a yellowish green; as 
soon as it appears blue, the indigo may be considered 
as revived, and incapable of fixing itself on the cotton; 
in this case, however, it may be redissolved, by adding 
more caustic alkali andorpiment. The clear liquor only, 
when gummed, is to be used; but it is not to be separated 
from the sediment, which helps to preserve it in a state 
of dissolution.t 

* Beiag at Manchester in 1795, Messrs. Hoyle and Son, showed 
me in confidence, a method, of their invention, for printing eaUco, 
-with the tofdcal blue, expeditiously and successfully, by employing 
cylindrical rollers, and feeding them with the blue, through small 
perforations made at the bottom of a close receptable for it, placed 
immediately over the upper roller, and extending the wh<^e widCk 
of the calico, to which the colour was applied before it could have 
lime to absorb oxygene. I believe this invention is now known to 
others, and that I may therefore mention it without any breach of 
confidence. 

1 1 cannot discover when, or by whom, orpiment was first em- 
ployed to promote the dissolution of indigo. In some MSS. with the 
perusal of which I was lately favoured, and which appear to have 
belonged to the late Dr. Lewis, author of the Philosophical Com- 
merce of Arts, and to contain some of the materials employed in that 
work, I find it noted, in what I consider as the Doctor's hand- 
writing, and under the date of 1734, that certain Unen printers 
(calico being then but little employed in that way) had ofiered to 
give him one hundred guineas if he ccNild '' find out a way to print 
blue;" and that the writer agreed to attempt the dbcovery, if these 
printers would make him acquainted with the best means known 
to themselves of doing this, which they did, and their composition 
is stated to have consisted of equal parts of indigo, and quick lime^ 
with half as much coppenui^ (green yitriol), and twice as much 
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In making the before-mentioned composition^ a 
copper-coloured pelficle appears on the surface of the 
liquor as soon as the indigo begins to dissolve; and this 
pellicle becomes violet, and at last blue, by longer ex- 
fK)sure to the atmosphere. Mr. Haussman d>8erves, that 
the same peUicle arises, with the same a{^>earances, if 
the solution of indigo be put into contact with pure vital 
air; but that, under the receiver of a pneumatic machine, 
k dimini^cs in proportion as a vacuum is produced; and 
that, as might be expected, it does not appear at all, in 
either hydr^^ne, or nitrogene. He farther observes, 
that if, instead of orpiment, the sulphur and white 
arsenic^ of which it is formed, be employed, together 
or separately, with quick lime and potash, no solution 
of indigo will take place; and this will also happen, even 
where orpiment is used, if quick lime be not employed 
to render the alkali caustic. That having put indigo, 
dissolved by orpiment, lime, and potash, into contact 
with oxygene gas, obtained by distillation from nitre, 
he soon found that excepting a little nitrogene mixed 
with it, the whole had been absorbed by the solution of 
indigo, and the blue rendered unfit for use, the indigo 
being regenerated. In this instance, he also found that 
a part of the alkali remained caustic, while another part 
of it had combined with the vitriolic (sulphuric) acid, 

pearl ash. I conclude from this, that the use of orpiment, for the 
purpose under consideration, was then unknown, at least in this 
country, though sulphate of iron was employed, but in a propor- 
don by much too small to produce its best effect. I find afterwards, 
an account of several experiments made by the writer, to accom- 
plish what was desired of him by the linen printers, but the means 
employed by him for this purpose, were more likely to impede, 
than co-operate in the dissolution of indigo. So little was the subject 
then understood, that all reasoning upon it tended rather to mis- 
lead the reasoner, than conduct him to the truth. 
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(formed by die union of die sulphur to a ptft of the 
absorbed oxygene) and thereby p-oduced sulphate of 
potash; another part of the oxygene, so absorbed, had 
cambined with the arsenic^ and changed its metallic 
form to ^t of an oxide, in which state it had united D^ 
die caustic alkali; and the rest of the absorbed 0x7- 
gene had combined with, and regenerated the dissolved 
indigo. . 

Mr. Haussman was indeed inclined to explain die 
soludon of indigo, accwding to die phlogistic systeBi> 
by considering it as resulting from a greater affinity 
which phlogiston was supposed to have with ind%o 
than with arsenic, and that it was the action of tfaos 
pUogiston, joined to that of the caustic alkali, Vfhkk 
operated the dissolution in question; but that the phio* 
gisCon, having still a greater affinity with dephlogisd- 
cated (or vital) air than with indigo, abandoned die 
latier as soon as the former was presented to it, leaving 
die indigo in its regenerated form; the alkali alone not 
being sufficient to preserve it in a state of solution* 
But a much happier, and more natural explanation of 
these e&cts, is affi>rded by the new doctrine, as already 
stated; and it is strongly supported by all that we know 
oi the nature of indigo, and the properties of those 
^ents which are employed to dissolve it. 

Mr. Haussman found that the sulphuret of antimony 
>(crude antimony) assisted in dissolving the indigo, for 
topical blue, as well as orpiment, but that it was unfit 
for penciling or printing, because the antimony being 
precipitated, in the form of a mineral keimes or goIdeQi 
sulphur, tarnished the blue cdour, and adhered to the 
linens or cottons almost as strongly as the indigo itself 
an inconvenience which I have also experienced. The 
oxide of antimony, with sulphi)r, did not produce g 
solution of the indigo, when used instead of the crude 
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antimony; thoi^ antimony, in its metattiG slate, (i. e* 
Ae renins) reduced to powder, had occasioiied the 
dissoliilion of indigo in the same way, and as wdl as 
die crude antimony. He found, however, that no such 
elfect was produced by the filings of zinc; though when 
heated, this metat has great affinity with oxygene. He 
attempted in vain, to dissdve indigo, by a comnmation 
of sulphur with the other metals; and he attributes his 
want d success to the circumstance of their being dts-* 
sohred with difficulty, or peihaps not at all, ^* par k voie 
bomide,*' in the caustic alkalies. 

Beades repeating a great part of these esperiraents, 
and with nearly similar effects, I have made some, 
which, probably, were not attempted before; and seve« 
nd eS them produced dStcXs highly deserving oi notioe. 

Having in 1791, attempted unsuccesrfulty to dissolve 
pure blue Guatamala indigo, finely powdered, by long 
snd repeated boilings in ^vater, with an excessive pro* 
portion of shell-lime taken hot from the fire, and after* 
wards by renewed boilings wiA a copious addition aX 
potash, I thought it might be worth while to try the 
oxide (^ tin, which had then, I believe, never been 
Miployed to promote the dissolution of indigo. It so 
hSf^pened dial I had at hand nearly a pound of an oxide 
of dn, prepared some time before, (for a diffisrent pur- 
pose), hy putting two pounds of common single aqua 
fortis, diluted with as much water, upon a quantity of 
tin, not in very small pieces, and leaving the former to 
act &wly upon the latter during several months, until 
all its oxygene was exhausted; after which, I found the 
oxide, or cdx, formed into lumps, and settled at the 
bottom. The clear liquor being decanted from the oxide* 
of tin, the latter was slightly rinced with water, and being 
dried, remained in solid lumps. Some of these, weigh* 
ing about twice as much as the indigo which I had 
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finind it impossible to dissolve, by the means just meD* 
tiooedy were put into the caustic alkaline liquor, and in 
less* than, five minutes I perceived signs of a beginning; 
dissolution, which increased n^pidly, until the liquw 
had passed through all the shades of green, and become 
yellQW, except at its surface, which was covered by a 
fine copper-coloured pellicle, of a shining metallic ap- 
pearance. Silk and cotton dipped into the liquor, wem 
taken out yellow, but quickly became green, then as- 
sumed a shining copper*colour, which afterwards chang* 
ed to violet, and finally to a deep blue; which was founds 
by washing) to be permanently dyed. Part of the same 
liquor, gummed, and applied topicallyr answered as 
well for penciling as any topical blue I ever saw. Ano- 
ther part of it, being poured into a white glass phial, so 
aa, with a portion of the lime and oxide oi tin, to fiU it 
Gon4>letely, (without gum), and being well stopped and 
left at rest, the mixture in a few days became as pdlucid 
and eoiourless as clean xvater^ excepting only.the sedi- 
ment at bottom.^ Upon unstopping the phial, the Mr- 
Jace oi the liquor, by coming into contact with the 
atmosphere, and absorbing oxygene, instantly .. became 
first .green, and then blue; and upon . re-stdpping the 
phial, and shaking it, the indigo forming this blue sur^- 
face was dispersed through the mass of liquor, and 
, tinged it of a beautiful greenish yellow; but there being 

* I have, at p. 136, stated the basis of indigo to be colourlc9$f 
when wholly deprived of oxygene, and of this^ the fact just mention- 
ed is a sufficient proof. Dr. Roxburgh has indeed said, p. 387, that 
** the indigo base is naturaliy greertj while it remains ^ssolved in 
its watery menstruum, by which it was extracted from the 'leaves/* 
In regard to thisi however, I will only observe^ that wherever the 
basis of indigo exhibits a green colour, it must be combined with a 
portion of oxygene, and this portion must be greater than that with 
which it is united in the yellow solution made for giving blue by 
to/dcal application. 
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a sufficient quantity of oxide < of tin unsaturated, the 
oxygene was soon absorbed, and the ^liquor again ren- 
dered cc^urless.* 

When, instead <if the oxide of tin, I employed the 
metal finely granuhted, it produced no eflfect towards 
dissolving indigo; and on trying tin, which had been 
calcined with saltpetre in a crucible, I found that it not 
only did not dissolve the indigo itself, but prevented it 
from being dissobed by the oxide of tin (produced by 
the aqua fortis, as just mentioned,) or by crude anti- 
mony, or su^hate of iron, either singly or combined; 
indeed it was with difficulty dissolved^ when orpiment, 
in a large proportion, was added afterwards; this I also 
found to be the case of tin, calcined alone in a crucible 
by stroi^ heat: bismuth calcined in like manner, equal- 
ly obstructed the solution of indigo. ProbaUy in these 
cases the metals so calcined not only did not attract 
the oxygene of indigo, but let go some of that which 
they had imbibed during calctnatimi. 

In the cowae of my experiments upon indigo, I was 
induced to make trial of a large proportion of refined 
sugar, (instead of orpiment), and I found that it acted 
efficaciously in dissdving indigo, with the usual ap- 
pearances, and producing a topicd substantive blue, as 
permanent, and every way as good as any in use. I 
afterwards tried coarse brown sugar, and I found it at 
least as effisctual as the refined, for this purpose; it then 
occurred to me, that this might be a Valuable substitute 

« * 

* fierthollet, tom. ii. p. 57, after mentioning my diacovety of the 
use of the oiid&of tin in {Hxunoting the dissolution of indigo, adds, 
^< On pent dissoudre inunediatement Fetain peu oxid^^ dans la 
potasse, et fidre agir cetie dissolution sur I'indigo: cUe produit 
proaiptment une cute ou les toiles se teignent en bleu trcs mien^eJ* 
The formation of su<)h a Tal was naturalljr suggested, by the know- 
fedge of what I had published on the aiabject. 

VoL.L X 
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for oifpimfst^ the use of whicht as a oonstkiieitf part of 
tlie topical bluCySnay, from ita pooaonous quality, aome^ 
times produce mischief, and always gives the oofnipo^ 
aition an uapleisant smelt. I moreover eonceiyed, that, 
by cMDployiitg a large proportion of brown aug^, it 
might be practicable to thidcen f he mizftire sufficiently 
for penciling or printhig, and thereby avoid the greater 
expense of gum for that puiixMe; and upon trial, this 
alqq proved to be the case, the sugar thickauDig the 
sidution aufficieutly, and afterwards drying as expedi- 
tiously as when tl^dtenM by gum, eontrary to wln^ I 
had apprehended as probafade, from recolkcting th«t 
ink^ tvheti thtdkened by sugar, was disposed to retain 
moistuvey Wid (^ tery slowly. I think, mmeover^ that 
when the solution of indigo is bodi made and thickened 
by brown atigar, in. this large proportioii, fhe tatter^ by 
being able to absorb a larger quantity of oxygene bmot 
time to timet enaUts the topical Uiie to bear exposure 
to the atmosphere somewhat longer, iMthout a regOne- 
ration of the indigo, than when it is (Ussolved by only 
the usual prc^crtion of orpiment. I conclude, therefore, 
that thi$ way of cbnkposing a substantial topical Mue, 
by employing, cdarse, brown sugar instead of drpiihent 
and gam, is deserving of particular attention^ as form* 
ing a composition free from all pmsonous qualities^ and 
at the same tiiiie cheaper and beder than that general^ 
used. Molasses will serv^ as well as broWn sugar to 
promote the dissolution of indigo; but I think not so 
well to supply the place of gum in thickening the com- 
position.* 

* Siace Uie former editlm of this YUknaet I find that, accordhlg 
to Professor Pallas, Che bkie djers of Astracan cBsaolTe ifidigo» by 
boiling it in a lixtriiini of soda, with qaick'4lme and daritied 
honey; which last appears to act like sugar in the deoiygenation 
rf indigo. Dried raisins and figs, I have obserred to phxiuce a 
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Sogar used in this way^ seems to act like oqiiaaeat 
in combining with oxygene; wlndi it is straogiy dis- 
posed to do in other circumstances. M. BerthoUet, in 
the second volume <^ the Annales de Chiniie, mcndons, 
that, in distflllng die sulphuric acid upon diflferent ani- 
mal and vegetidrie substances, he found none of tliem 
so proper as sugar to fwm a lai^ quantity of sulphu- 
reous acid; which it could only produce by its great 
aiBnirjr with oxygene. 

I found, upon different trials, that, with the help of 
potash and lime, J could not dissolve indigo, either by 
sulphur, or white arsenic, or charcoal, or oxide of bis* 
muth, or of lead (minium)^ or of 2inc (iapb calaminaris,) 
or of manganese, or the a&aline sdution of flints, or of 
the earth of alum, or by magnesia. I was equally uoauc- 
cessful with copper, in all the ordinar}' preparations of it: 
and indeed when verdigrise was added to iiidigo mixed 
with lime and potash as usual, — there was not only no 
solution, but the verdigrise afterwards obstruoted the 
action tA all other agents upon it^ insomuch that the 

similar effect Probablf Uie most useful and loaffeDsive topical 
Uue laay be made by boiling powdered indigo with three times its 
weight of coarse brown sugar, in a caustic lixivium of soda and 
potash, and assisting the deoxygenation by adding the oxide of tin 
preci|utated by lime from a aolutlon of that metri by-muriatic add. 
If a muriate of tin be added to the to|ncal Mue, pueparAd ivMh 
caiiatic alkali and red.orpiipent, or with caufttic alkali ^d su^, 
it will occasion a considerable effervescence, and at the same time 
produce a farther deoxygen^tion of the indigo, and thereby render 
the previous greenith yeUov> colour of the mixture almost white, 
and make the effervescing froth appear almost of the tolotu: cf 
milk, though eien this irokb, if apoedilf applictd t^ caiicq, wJUl at- 
tach ttadf, and by regaiiung oxygone, ttajn it with a permanent 
blue odour. Such an effervescence, 4iowey«r, is inconvenient, and 
1 only mention the fact as an additional illustration of (he theory 
^fore stated. 
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kidigo remained undisaolved, notwithstanding the cam- 
bined action of crude antimony, orpiment, oxide of tan, 
snlphate of iron, and sugar, which were added in laige 
doses, anj one ai which, with the quicklime and pot- 
ash, would have effectually dissolved the indigo, had 
there been no verdigrise or oxide of copper in contact 
widi it. The sulphate of zinc (white vitricd) was almost 
as adverse to the dissolution of indigo; for it not only 
did not contribute thereto, with potash and lime, but 
it hindered a soluticm from taking place, by the oxide 
of tin, crude antimony, sugar, and sulphate of iron, ap- 
plied one after the other: though when to all these, a 
large portion of orpiment was added, and the mixture 
kept some time in a boiling heat, the indigo 'did at 
length dissolve, but with great difficulty and tardiness. 
The red sulphuret of mercury I found, on repnted 
trials, incapable of contributing, in any degree, to dis- 
solve indigo with lime and potash; though it did not 
obstruct the dissolution thereof, when orpiment was 
added. 

Wbhing to know what effects would result from a 
stronger action of potash, lime, and orpiment, upon indi- 
go, I dissolved it with three times the usual portion of 
these agents, and having afterwards shaken the whole 
mixture well together, I filled a large transparent glass 
phial therewith (but without any gum,) and having secur- 
ed it from all contact ynxh. external air, by a glass stopper 
covered with wax, I left it in that state for three mondis, 
shaking the phial occasionally, that the more fluid part 
of the mixture (which had become colourless) mi^t 
be acted upon more equally by the lime, &c. at bottom; 
after which, the phial being opened, I found that the 
mixture (which with different proportions, had always 
given a deep permanent blue to cotton,) was become 
incapable of manifesting uij colour by the contact of 
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atmospheric dir; the indigo having been not only de* 
prived of the oxygene necessary to its colour, but 
probably rendered incapable of re*uniting with it as 
formerly, in consequence of a decomposition of its 
vegetable basis, or a new combination thereof, with 
one or more of the agents in question, too intimate, to 
be overcome by any of the usual means of regenerating 
indigo. Here we have an instance of one of the most 
permanent of ccdouring matters losing its colour irreco- 
verably; not by any thing like combu$tum^ which neces- 
sarily requires the presence and combination * of vital 
air, but by means which seclude it from, and deprive it 
of, all such air. 

The topical blue, when made, is often applied by the 
pencil upon spots or figures previously dyed yellow, in 
order to produce a permanent green: but the caustic 
alkali contained in it, especially when employed too 
freely, seems to weaken the yellow on which it is laid. 
Wishing to remove this difficulty, I thought of neutra- 
lizing the alkali, at least in some degree, so as to make 
it harmless in this respect, without, at the same time, 
rendering the blue less efficacious. For this purpose I 
selected the muriatic acid principally, because as no 
oxygene had ever been ascertained to exist, as one of 
its constituent principles, there seemed to be no danger 
of its reviving the indigo, by imparting oxygene to the 
topical blue when mixed with it: and having made this 
mixture, the effect answered my expectation; for though 
it produced some effervescence, it neither rendered the 
mixture blue, nor even its effervescing surface, though 
covered with froth; but both remained green, while se- 
cluded from the contact of atmospheric air, by being 
inclosed in a vessel well stopped; and I found it practi- 
cable in this way to neutralize the alkali completely, 
without rendering the indigo unfit to produce a fast 
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Uue colour, or a green, vhen api^ed to ydlows, if 
a]^ed quickly; but when the tcqpical blue, dius neu- 
tralized, had been kept some time, ^ indigo, beii^ 
deprived of the alkali which had hdd it in solution, 
gradually subsided in a great degree, and became unit 
to be applied topically* There is, however, I think, an 
intermediate degree to which the alkali may be neutra- 
lized, without precipitating the indigo, in any condde- 
laUe quantity, at least for several weeks, and which 
will be sufficient to prevent the alkali from esercismg 
any action iniurioos to the yellow cdkiura upon which 
the Uiie may be laid. 

The fluoric acid employed in this way answered as 
well as the muriatic; and I now find this to be true of 
the sulphuric and some other acids; there being no 
danger, as from some former inaccurate experiments I 
had once supposed, of a revival of tlie ind^, by mix-* 
ing either of them with the topical blue, the attraction 
of the basis of indigo (in this preparation) for oxygene 
not being sufficient to decQn^K)se any of these acids, so 
far as I know. Carbcmic acid is always present in the 
topical blue without bdoig decomposed; and no injury 
is produced by other acids when mixed widi it, so loi^ 
as, by not being decomposed, they are incapaUe of re« 
viving" the indigo. I have ascertained also that the oxy- 
genated muriatic acid wiU not revive it; a fict which I 
once thought favourable to the opinion of Sdbeele and 
Davy, that it contain no oxygene; but the other fiicts 
just stated, dhow that nothing decisive in that respect 
can be inferred from it. 

It is to be observed that all the preceding means of 
rendering indigo soluble, by abstracting a part of ijts 
oxygene, serve only to bring it back to the stirtc in 
which it existed while dissolved, and cetinnitig «t$ gtusen 
colour in the fermenting process, before its minutest 
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particles had been collected together, in a concrete blue 
form, by agitation; and I have already mentioned, at p. 
126, mf pci^uasion, that the colouring matter of the 
indigo plant, in this fluid state, is not only fit, fof dyeing, 
but thart the bltie colour dyed with it, would, fike that 
of the isatis, or woad, proVe more permanent thatn that 
given by the indigo, after it has been made to assume a 
concrete form; because its basis, even by the least hurt- 
ful ways of dissolving it, will, I think, necessteily be in 
some degree weakened, as all other vegetable colours 
are found to be, by the action of such powerful agents 
as are requisite for that purpose; and I tbink it proba- 
ble, that the very duMUe blues which arc given by 
particular people in some parts of AfHca, owe their 
superiority to this method df dyeing. 

According to Mr. Clarkson, *^ it is well known, at 
least in die manufiioturing totrns, that the Afiican dyes 
are superior to those of any other part of the globe/^ 
•* The blue (continues he) is so much more beautiful 
and permanent than that wMch is extracted from the 
same plant in other patts, that many haVe been led to 
deubt whether &e African cloths brought into this 
country were dyed with indigo or not. They appre* 
hended lAat the colotirs in these, which became more 
beautiful upon washing, ikiust have proceeded from ano- 
ther weed, or have been an extraction frotn some of the 
wtoods which are celebrated for dyeing there. The mat- 
ter, however, has been clearly ascertained: a gentleman 
procured two or three of the balls, which had been just 
prepared by the Africans for use: he brought them home, 
and upon eitanunatlon fbuhd them to be the letives 6f 
itidigo I'olled up in a very simple state. '^ 
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Sulphate of Indigo. 
. The powerful action of sulphuric acid upon indigo^ 
and the very bright lively Uue colour thereby produced, 
had been observed by chemists long ago, but no person 
seems to have applied this colour upon cloth as a dye, 
until about the year 1 740, when it was done by Coun* 
sellor Barth, at Grossenhayn, in Saxony. In addition to 
the indigo and sulphuric acid, he emfriioyed crude anti« 
mony and lapis caliminarb, (and. as some say, alum), 
mixing them with the oil of vitriol first, and adding the 
indigo afterwards: but these additions being found use* 
less, were after some time discontinued. 

When a bit of pure flora, op blue Guatamala indigo, 
is dropped into concentrated colourless oil of vitriol, in 
a flint glass phial, radiations of a bright greenish yellow 
may be seen almost immediately projecting from the 
indigo, and resulting from a solution begun upon its 
surface; and if the phial be left unagitatedr^tkcx radia- 
tions soon become green, and afterwards blue, without 
any motion or change in their direction. This sudden 
conversion of the blue colour of the indigo to a green- 
ish yellow, seemed to indicate an abstraction of oxygene, 
as its cause; but it was difficult to conceive how such 
an abstraction could result from the application of an 
acid, akeady completely saturated with oxygene. I re- 
collected, however, that Berthollet had mentioned, as 
one of the effects caused by the action of sulphuric acid 
upon indigo, that, of its determining (as it does with 
sugar) the production of a litde water, in consequence 
of the intimate combination which it effects between 
certain portions of the oxygene and hydrogene, which 
are among the constituent parts of indigo; a combina- 
tion by which he accounts for the great heat, resulting 
from a mixture of powdered indigo with sulphuric acid, 
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and the nen production of sutphureous acid thereby. This 
fiict, of the production of water by a combination of a 
part of the oxygene <tf the indigo, with a paft ci its hy- 
drogene, enables us to Understand how the indigo may, 
and, indeed, must be deprived of a portion of oxygene, 
suficient to change its colour, sucUenly, to a greenish 
yellow; and this change being effected, the progress af- 
terwards, to green and blue, accords widi the series of 
dianges observed in the topical Uue of the calico print- 
ers, after its appKeation; and indicates a restituticm of 
the oxygene, token from the indigo by the formation of 
water. To ascertain with certainty whence this restitu- 
tion was made, or rkfaer whether any part of it was de- 
rived from the atmosphere^ I placed a small piece of the 
Guatamala indigo in a phial, and filling it completely 
with colonrless oil of vitriol, I dosed it immediately 
with its ground giass stopper, which came in contact 
with the aoid and indigo, (the latter from its levity rising 
^to the t€fp) so as to leave no space for air. I then placed 
the phial at the window, and keeping it motionless, saw, 
by transmitted l%ht, streaks of greenish yellow radiating 
downward from the indigo, and gradually changing and 
pasaii^ through all the intermediate shades of green, to 
a frill sky blue; and as nothing could have been gained 
fix>m the atmosphere during these changes, it was ma- 
mfest that they must have been produced by something 
contained in the sulphuric acid; and as the latter does 
not appear in this operation to suffer any decomposition^ 
nor the indigo to be capable of eflfecting any, I conclude, 
that when this last has been rendered soluble, by the 
deexygent^n resulting from a production of water, it 
enters into a triple comUnation with the oxygene and 
sulphur composmg the acid, and tiiereby regains its 
blue cdour, with additional bri^tness; either from its 
union with an increased proportion of osygene, or from 
Vol. I. Y 
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aome dktx resulting firom ^ 9idplmr» whioh had not 
been eombined with it crigimdly. But though the co^ 
lour la rendered much more betutifiii by tbb tr^ 
combination, it ia accompanied with a gvMt dimaoutiflB 
of ita foftno- atabilttj, and diieoi »9entia0if from tibe 
aohidona of indigo inade by iimfi and diadiea^ aaaiated 
by the deoxy genatbg i^enta ktety mentioned; for when 
indigo ia rerived or recovered afl^ the hMer mode iof 
8ohition» it ia found to posaeaa all the propertiea whkb 
batongcdto it before h had undeigooe any aolution, iiiF 
chiding its wiginal indiaadul^ity, (except by the wgpalm 
already mentioned.) But afi»r being diaaolved by ant 
phuric acidr it can never be revived with its- origmal 
and peculiar propertiea. It may, indeed^ be readily jfm* 
eipitated by alkalies, but excepting a blue cdour, the 
precipitate will differ ftom indigo in eveiy respect, it 
will na,loiigcr xetam the power of emitting ita charao* 
teriatic fiurpk smoke j when ignited; and it may be tea<- 
diiy disadyed^ by all the acida, and alkaties, aa wril aa 
l^ other agents which previoualy had no diaaolving 
power over it; and, though moat of these aolutioBs axe 
bine, their colour haa. but litde permanem^, cqieciaUy 
those made widi pure alkalies, whedier fixed or vohdik« 
4m they soon apcmtaneouaiy become green, and finally 
colourleaa. 

When the baaia of ini^;o, after being sufficiently 
dcoxygenated, iadiasdved by lime or aUcalka, it foma 
no permanent comUnatioa with eidier, and may after* 
wards be separated and recovered from them widmiit 
having sufiered any perceptible injury or dumge. But 
the eflfect is very difierent after this basis has been dis- 
solved by any of the acids; probably it sufers least in- 
jury from the sulphuric, though with this, indigo can 
hardly be said to produce a fast colour, even on wool, 
since, as Hauasman observes, it is easily extracted by 



9oap in boiMiig water, and ehsaged by dkaKes la m 
olive colMFi more or fess yellow, Mocutding as the •!<» 
kali is mwe or lest caustie; and since tke adHieuon of 
this bhie to Ikien and cotton is so foeble, iMi cdd raft- 
ning waler wttl 'gradoaly eany it off. 

Bergmm, (whose Ubottrs have thrown muoh light on 
#te subject of indigo) ascribes die want of greater pdr^ 
ffiMency in the Sixon blue, to the use of sulphuHs 
acid, not sufficiently eoncentraied» He tised an ffcid 
whose specific gravity, compared to that of water, was 
as 1900 to 1000} and employed eight pounds of this 
iieid, to <fiSsolve c^ pound of indigo. I bdicivey how^ 
ever, tint he was misled on thfe suisjecl, and liMt ^ttm* 
Mr is In'ueh tiearer ^ tradi, when he says^ that dhe 
tiest proportion Ibr ^disscrfving ind^, is only four tkMS^ 
Its weight iil good pune oH of vitriol; md that in^ve 
more is used, the blue is less permanent* ! am even 
AndKned lo thiiik thst ^e blue will prove snore durable,. 
If *diis tas« qumlAty of acid be diluted, with an equal 
portion of hot water, as soon as the indigo is put to it, 
and sbriadttttre left in a warm rituation 48 instead of 
'fi4 hours, ftir the indigo to disscdve; beeauset by a 
dow^r, and more moderate action, I think the basis tC 
the indigo w|ll te less weakened; at least I have fiee^ 
quently dissolved indigo in this way, and the colour 
(lasifpeaFedtD bemove durable, tlim when it wasidis*- 
ODivcd by an imdfated acsd.* TheindigotmogdiascAiw 

od, Mr. I\nmer adds as many ounces of dried potash^ 
«s iBkSK, weie of inffigo in the solution, which prodooea 
Ml effervescence; and after twen^-four hours, he adds 
eight pounds «id a 4ia3tf of water, for each pound of oil 
of vitricfl employed, and puts die whole into a gbss 

* If the indigo be finely ptrnderedy it will be thereby rendered 
soluble, with a smaHer proportion of the acid, and even that pro- 
portion may be more dilated. 
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vessel for oae.* Instead of potash, I have used cleall 
chalk, and this even in such quantities^ as to saturate 
the vitriolic acid. The indigo was then precipitated 
with the chalky and being collected in a solid mass, it 
was still capable of dyeing a Uue on wool, though it 
took much more slowly than in the ordinuy way of 
dyeing Saxon blue; in which the oolour applies itsdf so 
rapidly to wool or woUen cloth, as to render it difficult 
to prevent its taking unequally, a defect which might 
probaUy be obviated by a small portion of chalk. It is 
to prevent this inequality, that M. d'Amboumey ad- 
vises, where deep Saxon blues lure wanted, to pass the 
eioth at different tiroes through vessels containing only 
what mig^t suffice for weak colours, in order that the 
blue may, by these partial apf^cations, be made to take 
with more evenness. Silk, dyed along with wool, takes 
a much weaker colour, (I mean with the addition of 
chalk), because it has less affinity with the indigo than 
wool has. This preparation of liDdigo, however, would 
not give a deep blue, because being united widi so 
huge a portion of white sulphate of lime, the blue co- 
louring particles could not be sufficiendy condensed for 
fliat purpose. Pcemer conceives the Saxon' bhie to be 
rendered more durable by previously preparing the 
cloth with alum, and sulphate of lime. 

The solution of indigo by sulfdmric add, is usually 
called by dyers chemidal blue. It ought, however, ac- 
cording to die new nomenclature, to be termed sulphate 
of indigo; a name by which I shall continue to distin* 

* Poemer aays, and I think trulj) that by tlus addition of potash, 
a more ag^eable blue is produced, and that it penetrates farther 
into the cloth. He mentions as an instance of the abundance of 
colouring matter afforded by indigo, his having dyed five pieces of 
cloth, each weighing one pound, of different shades of Saxon blue, 
all with a single half ounce of indigo. 
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f uish it.^ When applied to wod^ the Uiie colour b 
much more permanent than it is in a fluid state; fiir 
though a little manganese, added to the sulphate of in- 
digo, instantly destroys its colour^f «i;ool, which had 
b^n previously dyed blur with some of the same pre- 
paration, was not-discoloured by the acti<m of manga* 
nese, disairived in sulphuric acid. 

I do not know that a bteck was ever produced by the 
sulphate of indigo, or by any other preparation of that 
4drug akxne. Mn John Wilson, who greatly contributed 
to improve the art of dyeing at Manchester, h«s asserted, 
that diough a redundance of ccdouring matter will in^ 
crease the force and body of a colour, yet that no repeat- 
ed dyeings of blue will become black. I have, however, 
now before me, two pieces of dodi, one of which is the 
deepest and purest black perhaps ever seen, and it was 
dyed by me, very lately, from sulphate of indigo, em- 
l^ed alone, diough in an unusual quantity; the other ia 

* Pcemer describes a sulphate of indigo, which be prepared in a 
dry solid form, and reserved as a secret: he represents it as being 
more commodioos, and advantageous for dyeing, than the cotnmon 
sulphuric solution of indigo. BerthoU^ conjectures (te«n. ii. p. 97) 
• that this may have been the precipitate which I had recommended, 
of sulphate of indigo, by an addition of carbonic of lime. It doubt- 
less must have been a firccipitate by this or other roeans^ 

t T^e destructive action which manganese exerts up<m the 
colour of indigo, when it (i. e« the manganese) is mixed with sul- 
pbuxic add, though weaker, resembles that of mutiatiG add,' after 
it has been mixed with manganese; and to my oonception, afibcds 
a strong presumption, that in both mixtures, the destroying power 
depends upon a co-operation of something gained from the manga- 
nese; which is, however, contrary to the notion of Scheele and 
Davy, that muriatic acid, by its admixture with manganese, and 
conversion to oxymuriatic acid, gtUtu tiothing^ but is merely de- 
prived of the hydrogene previously combined with it; and that this 
deprivation constitutes the whole difference between the muriatic 
and oxymuriatic acids. Manganese added to the topical blue, soon 
reviyes the indigo, but does not injure its colour. 
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a fine Saxm blae, wUdi was cot off fitxii the firat^ lie* 
fee it htd taken up so madi of die bhie cdhwr, as «6 
liecoiiie tdack. I btdy found also, in making the topical 
Uoe, that a small piece of cotton, which I had tltfomi 
ifllo tiie mixture, and which, being forgonen, had tt* 
nained there fixty.eight honrs, was, when taken out, of 
a full black J so permanentljr fixed, that neiiher lemon 
jtdce nor alkalies seemed capable of impainig it. I eouid 
wit, in one or two trials afiserwaids, sucoted in producing 
a similar Uack on fiaen or cotton; and it most be rs» 
marked, that when I produced this, it was ki a mixftore 
to which I had at fiist pot a liMk manganese, to see 
^dxedier jft would promote the dissislation of mdigtn and 
findmg it dkl not, I had afterwards addsd more thim the 
maial prcyortian of orpwBent; one or both of miiH^ ad£^ 
taons, may have contribniKd to dieUadt in qneation.* 

* That Siu(oo bliie, cr lite oolmir of indigo, in couUiiBlioii 
with ftulphuric acid, depends upon the union of a certain pro- 
portion of os]rgene, as in all other preparations of this drug, may 
be proved, by adding to the sulphate of indigo, a little muriate 
of tin, which by its ordinary deoxidating influence soon changes 
tbt blue, ftrsl to f^reen, and then to a pore biiglit ycUovr. if 
tUs yellow mixture bo applied to linen or calico, it wlU dry with* 
4Mit losing its yellow colour, the affinities of the oxide of t»,or 
of the muriatic add, or of both, counterbalancing that of the 
indigo for oxygene. But if the linen or calico be moistened with a 
Weak scdution of cartxmate of soda, or potash, to neutra&e the add, 
tiie yUkmr wfll return thtoiq^h all the akadesof gMen, to fSie Ibr- 
nor Saxon false, fiifariatic acid wMos^^ss, produces no ohange is 
the colour of sutpbate of indigo^ becsstfe it has akme no dooxyge* 
nating power. Analogous to the preceding &ot, (now first men- 
tioned) is that published by Vauquelin, of the deoxygenating 
influence of hydro-suiphurated water, which when nuxed in' a 
close stopped pUal whh sulphate of indigo, 80<xi becomes gfeen, 
and In a few days yellow; but if the pUal be ftfterwardsimstopped* 
the sulphate of isdlgo gradoadly returns through the dHfcfent 
shades of green to Its former bhie colour, as fast as the separation 
of sulphuretted faydrogene permits the in£go to recxnwr ifis csy- 
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The sidplMirie adU, or oil of vittifily as c(»iimoiiljr pre* 
partd, ooolaios a small poclioncf die nitric^ whichi horn* 
ever smaH, necessariljr does some haon in forming die 
au^hate of indigo. M. Cfaaptal obsenres, that he haftseen 
tke oolour iui, and the atufi intended to haxrc been dyed 
spoiled bjr diis Jauk in the snlphuric acid enqpfeyed tm 
that pinpose^ which ought, tfaere fa te, to be guaidni 
against as much as possible. 

The indigo of all oAers most prefeg te d for Saxon 
blues^ is the flora of Guataniaia, fridcb indeed isaeldont 
employed for any odier qiecies of bine. 

The odier kifldsy when mixed with oil of vitriol, eflfar. 
vcsoe sometimes very strongly, in consequence of die 
extricadon of fixed air; the presence of which may 
easdly be atcounted for, by recollecting that fime is com*' 
monly emfdoyed to accelerate die separation and precipi. 
tadon of the minute particles of indigo, while in the 
vessels called beaters, and that in doing this, it subsides 
widi the indigo, after having absorbed carbonic acid, 
which in this way is ag^ set free by the <h1 of vitrioL 
Here it will be ]»x>per that I should offer some conjec- 
tures on the cause of the diflbrent cotoors of indigo: and 
as a foundation for these, I most remark, that die flora, 
or blue indigo of Guatamala, is much lighter than the 
violet, and that this last is lighter than the copper-colour- 
ed. From the lightness of this blue indigo, and from its 
Mt effervescing widi acids, when dissolved by oil of 
vitriol, there is the strongest reason to conclude that no 
time is employed to accelerate the separation and precipi- 
tation of its colouring matter in the beaters; since, if 
diere had been ai^, it would have increased the specific 



geae. As uodUaohed bydriHttipbaret vUl aqt mors 
in thiftwasT) so as to reader tbe luljibale of indigo almost colour- 
less; after which, if it be applied to calico, the latter will first be- 
come yelfowy fiext green, and then blue. 
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gravify of the indigo, and by absoibmg carbonic acid, 
would necessarily have caused^ an efervesenoe, when 
disscdved in sulphuric acid; assuming, therefore, that no 
liDie is employed to separate and precipitate the colour- 
ing matter, it would necessarily fdlow, that, to obtain- 
such separaticm said precipitation, the agitation must have 
been continued I<»)ger than would odierwise have been 
necessary, and the unavoidable consequence would have 
been, t^ combinaticm of a laiger proportion of oxygene 
with A^coloiiriiig, particles so exposed to it, than tiiat 
which tues place with those separated by lime: it will 
therefore follow, that indigo, obtained in tiiis way, will 
contain a greater pcHtion of oxygene than in the otiier; 
and it seems natural to conclude, that the blue colour is 
OQOiucMied thereby. To ascertain, however, the justice 
of this conclusion as fiir as I was aUe, I took spme of 
die lightest and bluest Guatamala ind^, and dbsolved 
it by lime, potash, and (Mpiment, as usual; one eflfect of 
such solution, we know to be, the taking away from the 
indigo a considerable part, at least, of its oxygene; and I 
accordingly found, as I have done in all cases where 
indigo was dissolved for the tqpical blue, that the disso- 
lution was accompanied with a bright shining copper-co- 
loured pellicle upon the sur&ce of the liquor, which of 
itself was of a greenish yellow underneath. The produc- 
tion of this pellicle may be easily explained by recollecting 
that the dissolved indigo, which has lost its oxygene, and 
become thereby of this greenish yellow, being at its sur* 
face in immediate contact with atmospherio air, regains 
a part of what it had lost, and by doing so, becomes 
copper-coloured; but swiniming as it does upon a* mix- 
ture disposed to attract oxygene, it cannot, in this state, 
retain so much thereof as the indigo itself formerly had, 
while it was of a blue coloilr; and, therefore, so long as 
the body of the liquor remains yellow or green, the pelli- 
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de covering it, will be only copper-coloured, though 
GODsbting of a colouring matter which was fon^eriy 
blue, and which would have become so again, if, being 
dissolved, it had been thinly applied to linen or cotton, 
sfod brought sufficiently into contact with the oxygene of 
the atmosphere. As therefore this blue indigo had appa- 
rendy become copper-coloured, only by having leas 
oxygene than before, is there not from this circum^ 
stance, an additional reason to conclude, that the copper* 
coloured indigo, separated and precipitated by lime, is 
made of that colour, only by its possessing a smaller 
proportion of oxygene than the blue indigo? and whilst 
this blue indigo is preferred for combination with sulphu- 
ric acid, as producing least effervescence, we should 
expect that the copper-coloured, as being the least oxy» 
genated, would be most suitable for the indigo vats, and 
for the topical blue, because in these the dissolution is 
efiected by taking away oxygene; and the less there is 
of it, the more easily will this be effected; and here the 
choice and practice of the dyers accord with my hypo- 
thesb, as they constantly employ the c<^per-coloiaed 
indigo for these last purposes. 

Having already noticed all the known means oc sol- 
vents by which indigo can be rendered useful in dyeing, 
I will only add a few observations concerning the eflfects 
of some other agents upon it. 

If strong nitric acid be mixed with powdered indigo, 
its action upon the hydrogene of the latter will bcvso 
violent, as to produce actual combustion; uid when di- 
luted, its power, though moderated, will always prove 
destructive of all the useful properties of indigo, unless 
it be made so weak, as to manifest no sort of influence 
upon it. When it is of the strength of common or sin^e 
aqua fortis, it dissipates a considerable portion of the 
component parts of the indigo, and converts the remain- 

VoB- 1. Z 
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dcr into a maty brown viscous bitter nues, which wili 
bum and detonate, and ii^iich, according to Haussman, 
is sokjiide in alcohol, and also in water, when the pro^ 
portion of the latter b veiy lai^. With a more diluted 
itttric acid, the indigo at first aff<»dsa bright ydlow, but 
it soon changes to the rusty brown before mentiooed; 
and the basis of indigo is then so compkldy decooii- 
posed, that the blue colour cannot be restored, by any 
of the various means which I have employed for dial 
purpose. 

The most concentrated muriatic acid, even widi a 
boiling heat, has no action upon the pure colouring mat* 
ter of. indigo, though it dissolves some other parts of it; 
and this is true of the citric, tartaric, acetic, phoq^horic^ 
iuoric, and other acids. 

A mixture of sulphuric, mtric, and muriatic acids, 
gready diluted, will slowly dissolve powdered in^^go» 
and change its cdour to a veiy bright lively yellow, 
which appears to have conaderable stability, diough it 
could not be fixed on linen or cotton. 

It is remarkable that though the strongest muriatic 
acid, even when boiling, has no influence upon the co- 
louring matter of indigo, yet this, or even a much weaker 
acid, when it has been saturated by dissolving tin, will, 
if mixed with powdered indigo, in the common tempera^ 
ture of the atmosphere, spcedHy make it green, and 
afterwards yellow; holding a con^dersd^le portion of it 
suspended in the state of a yellow solution, whilst die 
residue subsides, as a powder of the same colour. In this 
case, the oxide of tin first produces a deoxygenation of 
the basb of indigo, and thereby renders it soluble by the 
muriadc acid, to which it was before niaccessible* But 
being so dissolved, this basis eidier undeigoes a decom- 
position, or liters into a new combination with the oxkie 
of tan, or the muriatic acid, or bodi, of a nature so mti- 
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mate> that no means which I have been able to employ, 
to remove or neutralize the acid, have enabled the indigo 
to regain its former portion of oxygene, or return to its 
former blue cc^our; as the sulphate of indigo will do by 
such meansi when it has been made yellow by muriatse 
of tin. 

The insolubility whidi the basis of indigo acquires by 
combining with oxygene, may, as Berthollet observes, 
be compared to that of certain metallic oxides, which at 
a maximum of oxidation, cannot be dissolved by acidsi 
but are made soluble by the application of means suited 
to produce an abstraction of oxygene. And here I may 
terminate my explanaticm of the extraordinary and highly 
interesting chemical properties of indigo, believing that 
it will suffice to enable my readers to understand, both 
the reason and effects of the several methods and means 
employed to fix its colour, by dyeing and calico print* 
ing* 

It now only remains for me to mention some fiicts 
respecting the history of indigo, which have been pur- 
posely kept back^ because I believed they would be read 
with more interest, and be better understood when the 
properties of this drug had l)een previously made known. 

Mr. J. N. Bischoff, in a work whidi manifests great 
reading on the subject of dyeing, (" Versuche einer ges* 
chichte der Farberkunst, 1780,'') appears to think, that 
the indigo with which we are acquainted, was unktiown 
to the Greeks and Romans; that the indieum of Pliny 
was not a dyeing drug, but a paint very difierent from 
our indigo; and that the charter or contract which passed 
in 1194, between the cities of Bologna and Ferrara, re- 
specting certain duties to be paid at the former city, 
upon the Grana de Brasile, (or Kermes), and upon indi* 
go, alluded to the indieum of Pliny, and not to the 
substance now called indigo* It mayi however, be de- 
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monstrated from the known properties of our indigo, 
and those which Pliny has distinctly mentioned as be- 
longing to his indicuntj that the former is an exact 
resemblance of the latter. After describing the prepara- 
tion of a very costly fine purple substance employed by 
painters, (and obtained by skimming the vessels in 
which the Tyrian purple was dyed,) Pliny mentions, 
(lib. XXXV. c. 6.) the in£eum as next in value and im- 
portance. ** Ab hoc maxima autoritas indico: ex India 
venit," &c. — " cum teritur nigrum; at in diluendo mis- 
turam purpuras coeruleique mirabUem reddit.*' After 
this mention of the country whence it was obtained, 
and of the admirable mixture of blue and purple co- 
lours which it exhibited by being diluted, he adds, 
that it had been frequently adulterated by pigeons* 
dung, and other fraudulent mixtures; and then, with 
great sagacity, he points out a trial by which the ge- 
nuine drug might always, and certainly^ be distinguish' 
ed from the spurious; and this was by putting it upon 
Bve coals; where, says he, the true indicum will bum 
with aflame of the most beautiful purple tint. " Proba- 
tur carbone: reddit enim, quod sincerum flammam ex- 
cellentis purpura. ^^ I have already, at p. 145, mentioned 
this purple flame, and the purple smoke accompanying 
it, as peculiarly distinguishing indigo. It was a criterion 
abundantly sufficient for Pliny's purpose, and the only 
one, which, in the then deplorable state of chemical 
science, could have been suggested by him. It is true 
that the Greeks and Romans, not knowing how to dis- 
solve indigo, used it only in painting, but their igno- 
rance did not alter its nature, or hinder it from being, 
as it must have been, the identical substance, with the 
uses and properties of which we are now so much bet- 
ter acquainted. It is true, also, that Pliny was mistaken, 
not in regard to the place whence it came, but in regard 
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to the way in which it was produced; he having sup- 
posed it to be a slime naturally collected in the scum 
of the sea, and adhering to certain reeds growing on its 
shores ('^ harundinum spumas adhaerescente limo"). 
And with this notion, he imagined that the peculiar 
odour of indigo, when burning, resembled the smell of 
the ocean, a circumstance which he says made some 
think it was gathered from the rocks (^* dum fumat^ 
odorem maris olet: ob id quidam c scopulis id collig^ 
putant."} These notions, and the diflfercnt names and 
circumstances which were applied to this substance, or 
menticHied as connected with it, by Dioscorides, Galen, 
Paulus ^gineta, and others, induced Caneparius, in 
his work ^' de Atramentis, &c.'' (p. 193) to adopt what 
he supposed to have been the opinion of the former, 
that two different colouring matters from India were 
known to the ancients, one naturally adhering to reedsj 
&c. as described by Pliny, but now, as he supposed, 
wholly unknown to the modems; and the other, an arii- 
Jicial substance similar to our indigo, atid which he 
supposed to have been extracted from the isatis, or 
rooadj by boiling it in dyeing vessels, and collecting 
and drying the scum, or skimmings, (as Pliny had 
mentioned to be done to obtain a pigment by the dyers 
of Tyrian purple.) This, he adds, is called in vulgar 
language, '^ Endego,^^ and is brought by merchants 
from India to Alexandria, in Egypt, and to Syria, and 
thence imported to this city of Venice^ now become 
(says he) the emporium of the whole world.* 

* " Conaequitur ergo ut,"— <* duo atramenti indici genere fue- 
rent a Dioscoride constituta, (unum) eorum prodidit naturale quod 
sponte ab arundinibus in India paJudibus, instar spuinae yi solis 
exiens humor concrescebat colore purpureo, guo tamen firor^ue ca* 
remua. Alterum vero indici genus scriptum nobis reliquit esse arte 
factum; dum enim in cortinis^ haec sunt yasa infectonim in quibus 
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This work of Canqnuius, was printed in 1619» at 
Vemccy (where he lived, and where dy«ng was then 
more practised, and better understood, than in any 
other part of Europe:) and I adduce his testimony 
chiefly to correct an error into which M. BerthoUet ap- 
pears to have faUen, when (at p. 22, of the first volume 
of his Ellements, fcc.) he asserts, that die^r«e mAgo 
niade use of in Europe, was imported from the East 
Indies by the DutchJ^ The fact is, that for a considera* 
bie time before the first voyages of the Dutch, to the 
East Indies, were made, indigo, in ccmsiderable quanti« 
tks, had been imported through Egypt and Syria, to 
Italy, and employed in dyeing* That this was one of the 
uses of duit which Caneparius mentioned, as being 
imported through those countries from India, is evi- 
dent from his next page ( 194), where after noticing the 
fiK^t, of its having been formerly employed as a medi^ 
cine, he adds, that in his own time, it was used by the 
dyers and writers; that the former were accustomed to 
dissolve it in vats, with a lye of wood ashes, and other 
wares, according to their own practices, concerning 

tingunt {NOiDOBt ebullit giattum intuve herba dkatur, et vulgo 
guadOf tunc cffloretcit, iniiatat(que spumma purpurea, quam teduli 
artifices detrahunt} et siccant." This, he adds, is " quod vulgus ap» 
pellat endegOf corrupto vocabulo; hoc a mercatoribus defertur ex 
India, Alexandriam ^gypti, et in Assyriam, demutn ex illis parti- 
bus in banc Vtnetiarum Civitatem univerH mundi Em/torium adv^^ 
hkur.** That Caneparius was not accurately informed of the plant 
which afforded indigo, or of the method in which it was obtained, 
will surprise no one who is told that, according to Mr. Ray, bota- 
nists, even when he wrote in 1688, were not agreed on this subject, 
though the plant was suspected to be a leguminous shrub, belong- 
ing, or allied to the genus Colutea. 

* '< II parait meme que le premier, (indigo) qui ait 6t6 employ^ 
en Europe, nous a Lii apport6 des Indes orientales par Ics Hol- 
landais/' 



HFliich, says he, it is oot my office to gire instnmtion.* 
Canepatius was a physician, and not likdy to have been 
minutely informed in regard to these practices; and yet, 
in the same page, he describes very accuralel|rt the 
method of preparing, for dyers'* use, the imiig^ from 
which he believed the indigo to have been extracted,t 
and from which indigo may indeed be obtained* 

I find among my pq>er8, a statement, which I made 
some years ago, on the authority of Sir Hans Sloane^ 
(and taken, as I believe, from bis Natural History of 
Jamaica, See.) ioqxNting, that the mmual consumption 
of indigo in £ur(^)e, about the year 16&0, (soon afior the 
time when Caneparius wrote) amounted to S50,Q00lb8.; 
and that this came principally by die way of Aleppo, 
where it was computed to cost 4f . and 6dL the pound. 
It is probable, dierefbre, d»t the Dutch had not then 
begun to import ind^;o, by the Cape of Good Hope; 
or at most, that they imported but very little of it. 
That it had previouslyi for a considerable number of 
years, been imported through or from Turkey, is evi- 
dent from several facts, and among others, from Mr. 

Hackluyt's ^^ Remembrances for Master S ," who, 

in I5SS, was going to Turkey, and, among other things, 
was instructed '* to know, if anUe^ that coloureth blue, 

* « Utus ig^tar indici est hodieroo tempore tinctofibuBf et scrip* 
toribus: nam dUBotuutU cunt tinctoret in Caleariis cum lixirioy et 
aliis more suo^ haec tamen vos docere non est meum institutum/' 

t ^^ Isatis est herbai quae ante florem colUgitur, et sub mola tun- 
dhur, et facto ex ipsa cumulo maceratur soli) mox in magnos 
globos redacta, et sub tecto locata aspergitur aqua, ut magis, 
potiusque, maceretur tunc edit ms^um fetorem, et aigreBcit, et 
aic praeparatio hads ure glasti dicatur idem esty perficitur ad 
tincturas,'* p. 194. Tbe supposition of Caneparius, that indigo was 
obtained from tbe isadS) or woad-plant, seems to have been preva- 
lent even in this country, so late as 1640, when Parkinson, who 
was then treating of indigo, called it << indicoi or Indian ^itfoade." 
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be a natural commodi^ of those parts^ and if it be 
con^MMed of an herb?" See Voyages, ii. p« 161. £d. 
1599. 

BischoflF has, however, furnished decisive evidence 
to prove that the use of indigo in Europe, as a dye, was 
anterior to the first voyage made by the Dutch to the 
East Indies. He tells us, (Vcrsuche, &c.) that the ap- 
pellation or distinction of woad dyers, among the Ger* 
mans, may be found in a charter, dated so early as the 
year 1339; that with these, certain Flemish and Italian 
dyers, who had resorted to Germany, were afterwards 
incorporated under the name of Art, Woad, and 
Fine Dyers: that they excited the jealousy and enmi- 
Qr of a more ancient corporation, the black dyers; and 
as indigo was employed by the former, the black dyers, 
influenced by this enmity, exerted then^lves with so 
much success, in decrying this dyeing drug, that the 
Elector of Saxony, and Duke Ernst the Pious, issued 
severe prohibitions against the use oS it; and that even 
in the Diet of the Empire, it was described as a perni- 
cious eating devil, and corroding dye stuff, " Fressende 
TeufeU^'*^ &c.; and for these prohibitions of the Elector 
of Saxony, he refers to the Codex Augusteus, part 1, 
p. 236, under the dates of 1521 and 1547; and in re- 
gard to the opprobrious appellations applied to indigo 
in the Diet of the empire, he refers to a work printed 
at Frankfort, in 1577; all which dates are much earlier 
than any of the voyages of the Dutch to the East Indies. 
In what way indigo was first dissolved, or used for 
dyeing in Europe, I know not; but in the old collection 
of recipes^ which I have mentioned in the introductory 
part of this volume, as translated from the Dutch, and 
printed in London, so early as 1605, 1 find one at p. 32, 
respecting the use of indigo, which is there called flora, 
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or ^^ fiortiy^'*-* and directed to be fermented by the vat 
process, with wood ashes, bran, and greening weed, 
(probably weld), and the appearances indicating the fit* 

* In the act of the 33d year of Queen Elizabeth^ cap. ix, indiga 
is designated bj the names of ^' anclcy alias blue tnt/^/*— -How long 
the vulgar Italian name of ^ endi^o^ mentioned by Caneparius, 
had prevailed in that part of £urope« I am not able to ascertain; 
but it appears to have been afterwards adopted and spelt with 
exactly the same letters, in the account of Caoche's voyage to 
Madagascar, and by other French writers of that time; and our 
name of indigo has manifestly been thence derived.— The Spa- 
niards and Portuguese, who had found the way to India, by two 
opposite courses, at a much earlier period, and there became 
acquainted with this production, adopted the Hindu name of anilf 
and aneileira; and these are the nations by whom indigo was first 
manufactured in America, viz. by the Portuguese in Brazil, and by 
the Spaniards in Mexico, where they each recognized the plant 
growing spontaneously. It seems extraordinary, therefore, that 
professor Thomas Martyn should have erred, as he has done, in 
his recent edition of Miller's Gardener's Dictionary, by represent- 
ing ^ nil or anil" as <' the American name" of indigo, and con- 
cluding, that the Poituguesc had borrowed their name from the 
Americans, not from the people of India.— Though the French and 
English were later than the Spaniards and Portuguese, in encou- 
raging the manufiu;ture of indigo in America, they afterwa^s 
made considerable progress in it. The former exported from the 
island of St. Domingo only, in 1774, 2,350,OOOlbs. weight of this 
commodity; and nearly about the same time, in 1773, in the space 
of twelve months, 1,107,000 pounds weight of it^ were exported 
from South Carolina. But in both places, the manu&cture of this 
commodity has ceased, from new, though different circumstances. 
The deficiencies, bowevec, which might have resulted from these 
ehanges, have been fully obviated by an increasing production of 
indigo in the East Indies. The importation and sale of this commo- 
dity, at the East India house, in 1792, amounted only to 581,8271bs. 
whilst the importation into Great Britain, from other parts of the 
world, amounted to l,385,9271bs.; since whicjh^ time the latter 
importation has gradually declined to less than a fourth of the 
former amount; whilst the importation from the East Indies, and 
sales at the India house in the year 1806, amounted to 4,8 1 l,700Ibs. 
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ness of the fermenting fiquor, to be appfied to Ae stuft 
to be dyed, are distincdy pointed out; especially that of 
its becoming green. How early this had been knowDt 
or how long this collection of recipes had existed in 
Dutch, or any other language, previous^ to the English 
impression in 1605, 1 cannot sajr; but there is, I be- 
lieve, no reason to think that the Dutch had eyoii then 
began to import indigo. 

That this artificial production was first obtained Irom 
India, b proved by the testimony of Pliny, and other 
ancient writers, confirmed by avaidety of circumstances; 
and particularly by its name, wiuch is known, firom nu- 
merous authorities, to have been ml in the ISndu Ian* 
guage, from the earliest times, in which there is any 
authentic mention of it: and this name still continues to 
be given by the Hindoos, to all tiie plants whence iodti* 
go is obtained by them; not excepting the nerium tincsi* 
torium, from which Dr. Roxburgh believed that no 
indigo had ever been obtained until his discovery re- 
specting it The late Sir William Jones has however 
stated in the fourth vdume of Asiatic Researches, that 
a Hindoo peasant, who brought this shrub to him, gave 
it the name of nilj which signifies blue in the language 
of that country. " A proof," adds he, " that its quality 
was known to them, as it probably vras to their ances- 
tors, from time lmmemoriaL"«-^Wken the Arabs and 

and produced in sterling money 1,685,975/.; and the importatidn 
and sale at the India house, in the following year, amounted to 
5,153,966158. and produced the sum of 1,863,091/. sterling. — ^I 
haye no accurate account of the sales of East Indian indigo since 
1807. They may probably have diminished a little within the last 
year or two, because the obstructions to the eiportation, resulting 
from the peculiar ciiicumstances of the eziating war, hare conside- 
rably reduced the jirice of this commodity; the importance of 
which, as a dyeing drug, greatly exce^ that of any otifer. 
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Egyptians afterwards obtained a knowledge of indigo^ 
and of its use, (as they did of many other things), from 
India, they naturally adopted the name, with the sub- 
stance itself; the Arabs calling it nil and nir, as Julius 
Scaliger long since menticmed, (in his book, on plants,) 
<md the Egyptians giving it the name of nil, or neeL It 
is stated in the Memoirs of the Baron de Tott, (p. 278,) 
that the seeds of the indigofera tinctoria, with which 
the Egyptians dye their only garment (a linen shirt) are 
imported annually from Syria; Egypt being a hot-house 
which exhausts the plant, before the seeds can ripen. 
The Egyptians, therefore, were not likely to be the first 
discoverers of a manufacture, depending on a plant, 
winch could not yield prolific seed in their own country. 
Concemii^ tfa^ history of the isatis, or woad, I shall 
make but a very few observations. It was called by the 
former name among the Greeks, and particularly by 
Dioscorides; but it bore that of ghstum among the 
Oauls and Germans, whicht in their language, signified 
glass: hence Caesar, in the 5th chapter of his 5th book, 
de Bello Gallico, says, ** omnes vero se Brittani vitro 
uifi^tmt, quod casruleum efficit colorem: atque hoc 
horribiliore sunt in pugnse aspectu." — Pliny distin- 
guishes it sometimes by the Greek, and at odier times 
by the Gallic names; and in the first chapter of his 22d 
book, he mentions it as resembliog the planuin, and as 
being called glastum by the Gauls; and though he does 
piOl repeat Caesar's observation, that the Britons made 
their skins blue with it, in order to appear more terrible 
in battle, he says, that their wives and daughters paint- 
ed their bodies with it, when they appeared naked^ at 
tiie sacred festivals, so as to resemble Ethiopians. He 
had previously mentioned, in the 7th chapter of the 
aoth book> that this plant was employed to dye wod. 
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But though the Britons in Caesar's time appear to 
have cultivated enough of the woad to dye their skinsj 
the inhabitants of this island at a later period, obtained 
it from abroad, to dye their garments: and, indeed, they 
are said to have depended wholly on the French for it, 
until 1576. But in 1582, Hackluyt remarked, that ^ it 
was then brought to good perfection, (in this kingdom) 
to the great loss of the French, our old enemies." (See 
Voyages, Sec. vol. ii. p. 161. ed. 1599.) I do not find 
that the woad plant has ever been observed to give a 
blue colour to the milk of cows, like the indigo, which, 
when eaten by them, not only renders their urine blue, 
but, according to Dr. Garden, of South Carolina, the 
cream of their milk also became '* of a most beautiful 
blue colour." See Phil. Trans, vol. L p. 996. 

Gardenia Genipa. 
The Genipa Americana of Linn, has recently been 
united to the genus named Gardenia, by the late John 
Ellis, Esq., in honour of Dr. Garden, formerly of South 
Carolina. Swartz, on whose authority this change was 
principally made, has strangely represented this, as being 
only a shrub, though I have frequently seen the tree 
growing 50 or 60 feet high, with a trunk five or six 
feet in circumference. Its fruit, (the only part connect- 
ed with this subject,) is technically denominated a ber^ 
ried drupe^ nearly of the size and shape of a lemon, a 
little pointed, and umbilicated at the end, and covered 
by a skin, which, whibt unripe^ is of a light ash colour, 
with a slight appearance of green: immediately under 
the skin, is a white solid fleshy substance, moderately 
succulent, about one third of an inch in thickness, sur<* 
rounding a soft pulpy matter, of an oval form, and 
about ah inch in diameter, consisting of two cells^ in 
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which many flattened roundish seeds are nestled in 
rows. 

If this fruit or berry, whilst unripe, be sliced or 
broken, and exposed to atmospheric air, its colourless 
substance, or the clear juice expressed from it, almost 
immediately acquires a strong deep blue colour, and is 
universally employed by the savage tribes of Guiana 
and Brazil, to stain their skins with a variety of spots, 
lines, and figures, for the purpose of ornament at their 
feasts and dances, as well as to render themselves terri- 
ble to their enemies when going to war; as the isatis, or 
woad, was employed by the Britons in Caesar's time. 
But the most singular circumstance attending this ap- 
plication is, that no repetition of washing with soap, 
nor any other application, so far as I could learn at the 
several times of my being in Guiana, appeared to have 
the smallest power to remove the blue stains so pro- 
duced, until after some days» (generally nine or ten;) 
when the epidermis, or scarf skin, by perspiration, rub«> 
bing, 8cc. appears to wear away, and make room for 
another, which is untinged; and it is in this way o/i/y, 
as I believe, that the stains in question spontaneously 
and gradually disappear, after some days.^ 

Oviedo seems first to have mentioned this tree by 
the name of xagua; but he describes the colour pro- 
duced by its unripe fruit, as being blacky adding that 
the stain given by it to the skin, cannot be removed in 
less than ten or twelve days; and that it never can be 
e&ced from the finger nails, until by their growth or 

* Since my last return from Guiana, I find it stated by Hart- 
ainck, 0' Be«chry?ing van Guiana^'* i. 49,) that the acrid milky 
juice of the fruit of the carica fiafiayay or papau tree, will remove 
the stains in question; which, if true, is a curious fact, and I regret 
not having been informed of iti whilst I had proper means to as* 
certain the truth er/tenmenialfy. 
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elongation the stained parts can be removed. Francis 
Ximenes afterwards mentioned the tree by the name 
xahuaKf which it bore in New Spain; he sajs, the stain 
is only to be removed from the skin after fifteen day% 
and never fi'om the nails, except by their growth and 
separation, as explained by Oviedo. Marcgrave, (Bra- 
sil. p. 90,) described the tree under the names of jani* 
paba, and janipapa, by which the Brazilians called it, 
and from which the more prevalent name of genipa was 
derived. He says, " immatunis fructus concisus, et cuti 
afl&icatus, tingit colore ex nigro sub casrulescenti, qoi 
Qullo modo ablui potest, sed post octo aut nona dies 
sponte evanescit." 

Piso (at p. 1S8,) asserts, that the stain spcmtaneously 
disappears, not only from the skm^ but from paper in 
about nine days, ** tinctura enim illius corpori, vd 
charta illita circa nonam diem evanescit." An assertion 
which has been often repeated, and generally believed, 
though it never had any better foundation, than a {M^e^ 
sumption, that because it did not remain on the skin, it 
would not remain upon paper; and hence it was con- 
cluded, that dangerous frauds might be practised, by 
writing with this colour instead of ink. Coppier had, 
indeed, made thte assertion some years before, (^^ His- 
toire et Voyages des Indes occidentales," printed at 
Lyons, 1645, p. 91.) And he pretended that the fiiet 
had been first discovered by himself, and that he had 
^Adeavoored to consign it to oblivion for the prevention 
of firaud. There was, however, no foundation for this 
pretension. I have now before me, both parchment and 
paper, on which I wrote with the juice df the unripe 
fruit of the tree under consideration, seven yea^ ago, 
and it has not, as far as I can discover, suffered the 
smallest decay; and there is good reason to believe it 
would prove even more durable than the common writ« 
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mg ink, though it dtiers from it, by indinii^g modi 
more to the dark blue ocdour* The Jbble^ however, of 
tiK fugitive nature of this ink, and the dangerous pur- 
poses to which it might be applied, was so generally 
and firmly believed, by the inhabitants of Essequebo 
and Demerary, that 1 was induced to report it as credi- 
ble in the ydume, which, at an early age^ I published re« 
specting die Natural History of Guiana, in 1769.* 

Thb tree, like the nerium tinctorium, asclepias tingens, 
8cc. belongs to the natural order of Coniarta^ and b known 
at Essequebo, Demerary, and Berbice, by the Arrcwaufc 
name oihuna^ and at Surinam by that of tapouripay whidi 
undoubtedly was borrowed from some of the neighbour* 
irig tribes, probably the Cariibees, with whom the first 
(English) setders in that colony had more communication 
than with any other; though I cannot find this name in any 
vocabulary of the language of that people. Mad. Merian 
has mentioned this tree inaccurately, under the name of to- 
hrouba^ and has intended to represent a branch of it, at her 

* Francis Ximenes mentions that tricks were sometimes prac- 
tised with the juice of this froit, by privately mixing it with rose 
water, and giving it to the ladies in New Spain; and Dutertre, in 
his Account of the French West India Islands, writing of this tree 
says, ^ il porte le Jard des chambrieres nouvellement venues/* He 
adds that the simple maid servants, who, in considerable numbers, 
about that time, came to the West Indies from France, were told 
upon their arrival, thai unless they washed their hands and faces 
with the (colourless) juice of this fruit, their skins would beconie 
blackf and that, believing this^ they eagerly collected and applied 
the supposed means of preserving their complexions, and were 
astonished, soon after the application, to find their faces and hands 
covered with a hideous dark blue stain, which nothing could re- 
move for nine or ten days. He indeed mendons his having mar- 
ried Gonu4srabIe numbers of them) before this stain had been 
l^moved, and repeats the &ble rejecting the supposed frauds 
which might be practised by using the juic^ of this fruit as a 
substitute for ink. 
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4Sd plate, but has transposed the explanation, or descrip- 
tion, belonging to this plate^ by joining it to her 48tfa plate, 
and connecting to the former that which relates to thp 
latter; a blunder which no person seems to have before 
noticed. 

^ When this volume was first published in 1794, 1 believ- 
ed, and stated mj belief, that the blue colour of the fruit in 
question, like that of indigo, resulted from a combination 
of oxygenc, with a vegetable basis; and in fact that it was 
similar to indigo. And this belief was principally founded 
upon my having, when at Surinam, in 1770, applied the 
colourless juice of the fruit to pieces of linen. and calico, 
and seen the parts to which it was applied speedily be- 
come blue, as happens with the indigo and woad plants; 
and upon my having found that the colour so produced 
was not discharged by repeated washings with soap, nor 
considerably injured by exposure to the sun and air for 
several days: my experiments at that time were, however, 
, but few in number, and made under the disadvantage of 
being then but little acquainted with the subject of dyeing: 
wishing, therefore, for greater certain^ respecting the na- 
ture and properties of this colouring matter, I determined, 
when I visited Guiana a third time, in 1805, if possible, 
fully to investigate the subject. And accordingly having 
observed, soon after my arrival in Demerary, a young 
gardenia genipa tree growing on the plantation Rein« 
steen, then belonging to Messrs. Brummell and Addi- 
son, which tree, though probably bearing for the first 
time, exhibited two or three dozens of the berries or 
fruit, each about the size of .a nutmeg. I informed Mr. 
Brummell of my wish to make experiments with them 
at the proper time, and with his usual kindness, he im« 
mediately ordered that they should be all carefully pre* 
served for my use. In a few weeks after, I observed the 
tree to have shed all its leaves, (as happens to trees of 
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this species at certain seasons,) and that it afforded the 
uncpmmon spectacle of a leafless tree bearing fruit. 

About this time, circumstances connected with the 
state of my health, determined me to return immediately 
to Europe, by the way of Barbadoes; and having no lei- 
sure to make even a single experiment, the fruit of this 
tree, which had then almost attained its full growth^ 
were all gathered, and embarked with my ba^age. 
But finding soon after my arrival at Barbadoes, that they 
were becoming soft, and in danger of spoiling, before I 
could ccxiveniendy make the experiments which I in- 
tended, I caused them to be sliced and dried in the sun; 
presuming that they might afterwards be preserved seve- 
ral years, like the indigo plant, in a state fit for my ex- 
periments. But while this was doing, the sudden transition 
of the whole inner colourless substance of the sliced fruit, 
to a full dark blue, without any intermediate yellow or 
green tint, engaged my attention, as indicating an im- 
portant difference between this, and the basis of indigo; 
for it was hardly credible that the affinity for oxygene 
should be so much greater in the former than in the lat- 
ter, as to enable it at once to become blue, without even 
the momentary appearance of an intervening green. 

. By the part which I took in slicing thb fruit, my fin- 
gers were deeply stained; and as this stain might well 
seem indecorous to the gentlemen and ladies, with whose 
hospitalities I was daily honoured, I spared no pains to 
remove it, by repeated washings with soap, alkalies, &c^ 
and by frequent applications of lemon, and lime juice, 
but without producing any sensible diminution of thi^ 
troublesome dark blue colour, until it disappeared in the 
usual way, by an apparent abrasion of the cuticle. 

I did not neglect, when in Barbadoes, to apply some 
ef the juice of the sliced firuit, by which my fingers were 
stained, to pieces of calico, impregnated with alujnine, 
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and the oxide of iron, as well as to some which bad no 
impregnation, and I afterwards found that neither <^ 
these bases had any affinity for the colouring matter un» 
der consideration, it being in no resect changed thereby. 
The calico without any basb, had acquired a very dark 
blue tinge, which was not altered by washing with soap, 
nor by exposure to sun and air for some days; though in 
this respect it seemed to be less permanent, than I bad be^r 
lieved it to be, from my former experiments in Surinam. 

Since my return to London, I have made such trials 
as to me appeared suitable, with the sliced and dried 
fruit of the gardenia genipa, which, though more than 
seven years have elapsed, still retains a dark blue colour; 
but this manifestly depends on principles very different 
from those of indigo. Fot it is soluble both in potash 
and soda alone; and when lime and oq)iment were added 
to these, no change of colour ensued (from blue to green,) 
indicating a susceptibility of deoxidation. Sulphuric acid 
seemed to brighten the blue colour as it does that of 
iiidigo. But (unlike sulphate of indigo,) tlus mwture 
appeared to have no affinity for vegetable substances, 
and so little for the animal, that cloth by long boiling in 
the blue liquor, would only receive a slight drab colour. 
Nor does the juice of the fruit seem capable of perma- 
nently staining the fingers, after it has already become 
blue. The addition^ whatever it be, which occasions the 
blue, if made be/ore it touches the skin, rendering it in- 
capable ajierwards of attaching itself either to animal or 
vegetable substances. Nitric acid chants the blue to 
yellow, as it does that of indigo. 

Several writers have asserted, that the fruit of the gar- 
denia genipa when ripe, becomes yellow, and loses its 
disposition to assulne a blue colour. Whether this co- 
lourable property was in any degree affected, by my 
having kept the fruit in question^ ufatil it was approach* 
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ing towards rottenness, (which might produce eflfects 
like those of ripeness), I know not; but as its blue colour 
evidently results from causes, diflfering greatly from those 
which produce the colour of indigo, it seems very desi- 
rable to ascertain their nature; though I think this can 
only be done by trials upon the unripe and recently 
gathered berries, which, while their juice remains co- 
lourless, might be placed, some in vacuoj others in the 
several gases separately, and exposed to the sun's rays, 
as well as kept in obscurity ^ to discover which of these 
situations and agents contributed most, either to hasten 
or retard the production of the blue under consideration* 

Brown, in his History of Jamaica, p* 143, observes, 
that ^* the pulp of the berries of the Randia aculeata, 
Linn, (called in that island the indigo berry, and which 
grows plentifully on the smaller branches of the plant,) 
is very thick, and stains paper or linen of a fine fixed 
blue colour. I have tried it (continues he) on many oc- 
casions, and have always observed it to stand, though 
washed with either soap or acids; but it does not com- 
municate so fine a colour with heat. It would prove (he 
adds) an excellent fixed blue in all manner of paints and 
prints,* if it could be obtained in any quantity; but the 
berry is not very succulent, and the people as yet are not 
very industrious in these parts." 

This plant, like the genipa, has recently been added to 
the genus gardenia^ (under the name of gardenia acu- 
kata,) and it is remarkable that their generic characters 
being similar, their fiiiit also should yield blue colouring 
matters, which, as fiir as I know, seem to resemble each 
odier. The indigo berry, in like manner, belongs to the 
natural order of contorta^ which, more than any other, 
contains plants yielding the blue colour. 

Mr. Martin Lister (in the Vlth Vol. of the Philoso- 
phical Transactions, page 21^2,) mentions that ^^ the 
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seed husks of glastum sylvestre, old gathered and diy, 
being diluted with water, stain a blue, which, upon the 
affusion of lye, strikes a green; which green or blue, 
being touched with the oil of vitriol, dyes a purple; and^ 
all these colours (says he) stand." Some of the mush* 
rooms also become blue, when exposed to atmospheriq 
air. The same effect, according to Sennebier, happens 
to the milky juice of the tithymalus euphorbia, Linn. 

•It is mentioned somewhere in the Swedish Memoirs, 
by Cronsted, that the stalks of the polygonum fagopy- 
rum, Linn, by fermentation in water, afiford a blue which 
did not change either by acids or alkalies. 

Green IwEgo, 

About the year 1790, Mr. Alderman Prinsep, who 
had then lately returned from India^ gave me a specimen 
of indigo obtained there^ as he informed me, from a tree, 
(which I then suspected to be the panitsjica-maram, of 
the hortus malabaricus, though I now suppose it must 
have been produced from the nerium tinctorium, lately 
mentioned;) and he, at the same time, gave me a very 
small piece of a hard green substance, likewise produced 
in the East Indies, arul which he called green indigo. 

Upon seeing it, I flattered myself with a hope of its 
proving to be what the late Mons. de Poivre had men- 
tioned in a little work, published under the tide of 
** Voyages d'un Philosophe," &c. . as obtained by the 
inhabitants of Cochinchina from a plant caUed isai^ 
which, when macerated and fermented like indigo, yields 
a green fecula, capable of dyeing a fine, as well as a last- 
ing emerald, or green colour.* The quantity of this 

* Loureiro mentions, (torn. i. p. 25, of the original Lisbon edi- 
tion,) the justicia tinctoria, as growing wild in Cochinchina, add- 
ing, ^* folia viridi colore staturata, eodem telas pulchre imbuunt." 
Whether the plant, whose leaves alone are here represented as 
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green substance so put into my hands, was much too 
small even for a single decisive experiment. I however 
divided it into three parts. One of these I put into boil* 
ing water, which appeared to have no action upon it; 
but it was afterwards dissolved by a little oil of vitriol, 
like common indigo, producing, however, a green, in- 
stead of a blue colour. A second of these parts I dissolv- 
ed with a little caustic alkali and orpiment, in order to 
see whether, excepting the difierence of colour, it would 
possess properties similar to those of indigo, when dis* 
solved by the same means, and like the latter be able to 
produce a fixed colour on linen or cotton by topical ap- 
plication. This, however, it did not seem to be capable 
of doing: the remaining part I put into a little spirit of 
wine, which dissolved a portion of it, though very slowly; 
a circumstance in which it diflfers materially from indigo, 
and seems in some degree tq resemble that green«colour- 
ed fecula which some plants afford, and particularly the 
cruciform, when fermented like the indigo plant in warm 
weather. I confess, however, that these experiments were 
made on such very small quantities of the substance un- 
der consideration, that very little dependence ought to 
be placed upon them. But this is certain, that if a sim- 
ple or homogeneous green colouring matter exists, and 
can be discovered, with properties in other respects simi- 
lar to those of indigo, it will be a most important addi- 
tion to the Materia Tinctoria. 

Barasat Ferte. 

In the year 179S, Messrs. John and Francis Baring, 

and Co., received from R. C. Birch, Esq. of Calcutta, 

parcels of two new drugs, intended for dyeing; samples 

of which were put into my hands, with a request that I 

capable of producing a green dye^ has any relation to the tsdi of 
M. de Poivrey I knov not. 
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would make suitable trials of their iperits; and with a 
paper containing some explanations which had accompa- 
nied them from India. One of these (and the only one 
which I shall notice at this time) was called Barasat 
Verte, and was formed into dry hard cakes, resembling 
in size and shape those of the indigo sent from Bengal; 
but of a dark dull green colour. It was stated to be a 
simple substance, and to have been prepared with water 
and fire only, ** from an indigoferous plant, an ever-green, 
with leaves somewhat resembling those of the laurel, 
bearing large clusters of small yellow flowers, and pro- 
ducing seed in large pods, pointed at the end, and it was 
added, that the seed did ^' not vegetate in BengaU^ It was 
also represented as giving a durable light green colour, 
without any mordant or basis, to silk and wool; and to 
be incapable of dyeing dark green without the aid or ad- 
dition of some blue coloucing matter. To bring this 
green indigo into a state fit for use, it was directed to be 
finely levigated with sand, and then boiling hot water was 
to be poured upon the powder in a suitable vessel; and 
being left to settle, the water '^ tinged witfi a dirty brown 
colour was to be poured off;" and these washings wefe 
to be repeated until die water came bom the powder co- 
lourless; and then to the remaining powder an equal 
quantity of fixed vegetable ^ali, obtained by calcining 
salt-petre upon burning charcoal, was directed to be 
added, with a proportionate quantity of water, and the 
mixture made to boil for two or three hours; after which, 
it was to be left ^^ to digest for two days at least." In this 
preparation, diluted witli boiling water, the silk or wool- 
len stuff was directed to be dipped for the space of half 
an hour, and then washed with soap in water; a longer 
dipping was represented as giving no greater body or 
depth of colour. 
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After what W been just mentioned on the subject of 
green indigo, it will naturally be concluded, that my 
curiosity must have been greatly excited by that now 
under consideration; and indeed I lost not a single mi- 
nute in making such a trial of it, as would decisively 
ascertain whether it really possessed the properties of 
indigo, with only the difierence of a green instead of a 
blue colour. This was by powdering and boiling it in 
water with a suitable portion of lime, potash, and red 
orpiment, as is practised in making the printer's blue for 
penciling, (see page 154, &c.); and in doing this, I soon 
perceived, with great satisfaction, that the mixture ex- 
hibited exacdy the same smell, and the same appearances, 
as those which arise in making the printer's blue; the 
surfajce of the liquor was covered with a fine shining 
copper-coloured scum, and beneath tliis, when separated, 
the liquor itself exhibited a lively green. Being impatient 
to see how far its effects were similar to those of indigo 
dissolved in this way, I applied some of the green liquor 
as expeditiously as possible, by the pencil, to a bit of 
calico, and soon perceived that it consisted of two very 
dissimilar colouring matters; one, which proved to be 
true indigo, was immediately revived by an absorption 
of oxygene, (as happens to the printer's blue when so 
applied,) whilst another part of the liquor spread itself 
fitrther, and retained a kind of olive green colour, which 
the air did not change. 

The calico, after being dried, was washed with soap, 
and that part of the liquor which had spread farthest, and 
retained the olive green colour, was soon wholly washed 
out, leaving behind the pure indigo, adhering to the spots 
and strokes where it had been applied. Having thus con- 
vinced myself that this substance contained a portion of 
true indigo, I powdered an ounce of it, and mixed the 
powder with six times its weight of sulphuric acid, as in 
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making the sulphate of indigo for Saxon blue: in about 
twenty-four hours the powder appeared to be nearly all 
dissolved, and the solution was of a blue colour, with a 
greenish tinge: and by putting a little of it into warm 
water, and dyeing a small piece of flannel tlierein, a full 
Saxon blue was soon produced; though the colour had a 
greenish cast, occasioned manifestly by the same olive- 
coloured matter which I have just mentioned as having 
showed itself upon the calico,^ 

I afterwards tried the method recommended by the au« 
thor of this discovery, of separating the yellowish brown 
colouring matter from the powdered green indigo, by 
repeated ablutions with hot water, and then employing a 
pure caustic vegetable alkali to dissolve the residuum. In 
this way I obtained a solution which, upon wool, dyed a 
light olive or apple green; I found, however, as I had 
foreseen, that none of the true indigo had been dissolved, 
either by these last trials, or those made in Bengal, it 
being impossible, as I have formerly explained, to dis- 
solve indigo by caustic alkali alone; and indeed the dis- 
coverer of this preparation, in the account which he 
transmitted from Bengal, candidly acknowledges that he 
had never been able to dissolve the supposed green in- 
digo ^^ entirely, a considerable quantity having always 
remained precipitated at the bottom of the vessel. '' And 
this insoluble residuum, (which appears to have been 
lost, or at best to have remained wholly useless in all the 
experiments made in Bengal), I found by further trials to 
be true indigo. For by separating the solution made by 

* A srviall bit of the Barasat Verte being ignited, it burnt with a 
brisk red flame, emitting fumes, of which a considerable part ex- 
hibited the fine purple tint peculiar to those of indigo. It left a 
residuum, equal to about half its bulk, of a dark chocolate colour,' 
of which carbon seemed to constitute a cpnsiderable part, but this 
I did not particularly examine. 
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eaustic vegetable alkali from the residuum, then pouring 
upon the latter &rther portions of caustic alkali in hot 
water, until the lixivium came away colourless; and after- 
wards submitting what remained to the action of muriatic 
acid, to dissolve any heterogeneous matters which the 
alkaline menstruum had left behind, I at length obtained 
a considerable quantity of indigo, of a middling quality; 
part of which, being dissolved by sulphuric acid, dyed 
wool of a good Saxon blue colour, without any of the 
greenish tinge which had attended my first trials; and 
another part being dissolved by potash, lime, and red orpi. 
ment, as for the printer's topical blue, produced the usual 
effects of indigo in this way. Having applied the acetitb 
of alumine topically to a piece of cotton, as is practised 
In calico printing, and dyed one part of it in the yellowish 
brown coloured liquor, which had been obtained by pour- 
ing hot water on the supposed green indigo in powder, 
and another part in the olive green liquor, obtained from 
the same powder by caustic vegetable alkali, I found 
that, though each imbibed a different colour, neither was 
fixed upon the figures which liad been printed with the 
aluminous basis, or on the parts to which no mordant or 
» basis had been applied, and that the colours were re- 
moved by washing with equal facility fit>m every part: a 
certain proof that the yellowish brpwn and olive green 
colouring matters were not of the adjective kind, (having 
no aflBinity with the aluminous basis,) and that they are 
not likely to be of any use in dyeing; for though they 
should prove lasting upon woollens, there are many 
other and much cheaper means already in use for giving 
colours of this kind to wool. It seems evident, therefore, 
that the true nature of the supposed green indigo was 
but very litde known to the discoverer thereof; and that 
its useless heterogeneous parts were the only ones which 
Vol. I. 2C*A 
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jMToduced the colours dyed in Bengal, and which induced 
him to send it to Europe as a dyeing drug. 

Whether the supposed green indigo owes its produc* 
tion to an insufficient combination of oxygene; or, in 
Other words, whether the matters which dyed the yd- 
lowish brown, and the olive green colours, before men- 
tioned, are similar to that which forms the basis of true 
indigo, and capable of being converted thereto by a longer 
fermentation, agitation. Sec; or whether they are of a na- 
ture essentially different from the basis of indigo, though 
naturally combined with it in the particular plant whence 
the substance under consideration is extracted, are im- 
portant questions which I am unable to answer. I have 
indeed mixed the supposed green indigo, in powder, 
wilii water, and kept die mixture for several days at a 
degree of warmth suited to promote a fermentation, l)ut 
without being able in this way to render its colour blue, 
or increase the proportion of true indigo which it had 
before contained: but perhaps I might have been more 
successful with a greater quantity, or a larger fermenta- 
ble mass, than wliat I was able to employ in this way. 

I have had reason to conclude, that die supposed green 
Indigo, either from a redundance of colouring matter in * 
the plant from which it was extracted, or from some 
odter cause, may be obtained at mudi less expense than 
the true indigo; and if this be the case, it must doubdess 
prove a very important discovery, if the yellowish brown 
and olive green matters are capable of being changed to 
indigo, by a farther combinadixi of oxygene: and even 
if this should not be the case, perhaps the plant may de- 
serve attention, on account of die portion of true indigo 
which it unquestionably affords; and which, by an altera- 
tion in the process, might doubtless be precipitated and 
collected, fi^e from the other matters before mentioned, 
which, at best, can only be considered as a troublesome 
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incumbrance, without any $uch benefit as Mr. Birch ap« 
pears to have expected from them. 

The preceding account of the Barasat Verte^ was 
published by me in 1794, excepting the names^ which I 
did not consider myself as at liberty to mention. I had 
not then been informed that when my attention to this 
subject was requested by Messrs. Baring, the nearest 
relation of Mr. Birch in this country, had also engaged 
Dr. Higgins to employ his chemical science and means 
upon the same matter; and, consequently, the report 
which I made, and which was transmitted by Messrs. 
Baring to Calcutta, was founded solely upon the results 
of my experiments. I discovered afterwards, however, 
by some letters from Mr. Birch, (of which extracts were, 
commiinicated tome,) that the report of Dr. Higgins, in 
regard to the merits and value of the Barasat Verte, had 
b^n much more Sivourable than mine; he having, ac- 
cording to Mr. Birch's summary account, stated it to be 
*^ a novelty, producing fine dyes, going &rther than in* 
digo, and rivalling it, in the solidity and lustre oi its 
colours." Fortunately for Mr. Birch, he did not, on the 
strength of this report, precipitately engage in an exten- 
sive manufacture of this article, as he might have done^ 
if my opinion had been equally &vourable. One of his 
letters contains this observation: ^* Dr. Bancroft's expe- 
riments, and remarks, appear to have been made widi 
much good sense, candour, and kindness; had he given 
as favourable an opinion as Dr. Higgins, I should have 
Md more dependence than I can now have, &c.'' 

Mr. Birch did not, however, relinquish this object, un- 
til by sending to this country several parcels of the Ba- 
rasat Verte, and getting it used by dyers, he became 
fully satisfied, that it had no other value than that of the 
indigo contained in it; and that, as indigo^ this was not 
the most advantageous form, or method of preparing it. 
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The manufacture of this dye being now abandoned, I 
may, without impropriety, intimate my belief, that the 
Barasat Verte was obtained from the taroom akkar of 
Mr. Marsden, (lately mentioned at p. 140,) which Dr. 
Roxburgh has denominated asclepias tinctoria, (belong- 
ing to the natural order of contortae,) and which was 
introduced at Calcutta, a litde before Mr. Birch pro- 
duced the Barasat Verte. What the latter mentions of 
its leaves, p. 198, agrees with Mr. Marsden*s account 
of them; and Mr. Birch's observation, that the seed ^id 
not vegetate in Bengal, is conformable to Dr. Rox« 
burgh's remark, that it did " not ripen its seed*^ in the 
botanic garden at Calcutta, nor in that of Samulcota. 
(See Trans, of the Society of Arts, &c. vol. 28, p. 302.) 
llie latter also mentions hot water, as necessary to ex* 
tract the colouring matter of the leaves of the taroom 
akkar, which enables us to understand why Mr. Birch 
has included fire among the means employed to prepare 
the Barasat Verte. Probably this " stately useful creeper,*' 
as Dr. Roxburgh terms it, contains a larger proportion 
of extractive matters, than other plants yielding indigo, 
(which the hot water would copiously extract,) and the 
precipitants employed by Mr. Birch, may have been 
such as to throw these matters down abundantly, inter- 
mixed with the indigo. 

Dr. Roxburgh describes another species of swallow 
wort, under the name of asclepias tingens; which is, he 
says, ** a large twining shrubby plant, brought from 
Pegu in 1795, to the botanic garden at Calcutta, where 
it thrives well." He adds, ^' Dr. Buchanan, who brought 
the plant, informed me, that from its leaves the JBurmah 
people prepare a green dye." — " I have made, (he adds) 
a variety of experiments with the view of obtaining the 
green dye above mentioned, but without success."'-^ 
^^ But this information is from so respectable a source, 
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as to induce me to hope, some better qualified person 
may be able to discover how this green dye is to be ob« 
tained and applied." See Trans, of the Society of Arts, 
&c. vol. 28, p. 305. 

Formerly the soot of burnt wood was employed sub- 
stantively to dye woollen cloths of an olive green colour; 
though it seems now to be rarely used. It gave cloth an 
unpleasant smell, which was, however, in some degree 
compensated, by the certainty with which the cloth was 
afterwards thereby preserved from the depredations of 
moths. 



Turmeric. 

Of substantive vegetable yellows, the only one em- 
ployed in Europe, and deserving of notite, is the root of 
the Curcuma, or Turmeric; which, without any addition, 
yields a fine bright colour, though of but little durability. 
Of this there are two species, the Rotunda and the Longa. 
The latter is very generally employed in the East Indies, 
as a condiment with animal food. The former, or round 
root, is chiefly cultivated for dyers' use. Loureiro, after 
mentioning both species as growing wild, and also by 
cultivation, in China and Cochinchina, adds, concerning 
the round, ^' radix ista non est esculenta: ad tingendum^ 
adhibetur colore quidem pulchroj sed inconstante.'^ (Tom. 
i. p. 9.) 

This beautifiil colour has not the smallest affinity for 
any metallic or earthy basis. I have applied solutions of 
alumine, tin, iron, and all the other metals, in spofs^ to 
calico; and after drying and rincing, have dyed it with 
turmeric, which, unlike any of the adjective colouring 
matters, was imbibed most copiously upon the parts 
which had received no basis or mordant; and the colour 
being exposed to the sun and air, it did not prove more 
fugitive upon these parts, than on those to which alumine, 
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tin, ironi &o. had been applied. It is worthy of remark^ 
also, that the colour itself was not altered by any basis., 

In 1793, Mr. Bayley, who was extensively ei^aged 
in dyeing silk handkerchiefs to imitate those of India, in- 
formed me, that, the yellow ^)Ots in these handkerchie& 
were all produced by a tincture oS, Turmeric, made by di« 
gesting six pounds of the powder (of Turmeric) in a g^lon 
of malt spirit, and afterwards, by a press^ separating three 
quarts of a rich tincture, which cost about four shillings 
tiie quart, and was sq[>plied topically, and without thick* 
enmg, to parts or spots of the silk handkerchiefs, which 
in the dyeing had been reserved white by the usual means. 

I found that a tinctiure of turmeric obtained in . this 
way, and gummed, when applied U^ically to calico^ pro- 
duced a beautiful yellow, which, by washing with soap, 
was made redi but being well rinced, and exposed to 
atmosfdieric air, it again became yellow; and in thb way 
woukl bear several washings. 

Mr. iClarkson, in his Essay on die Impolicy of the 
African Slave Trade, relates that << a gentleman, resident 
upon the coast, (of Africa,) ordered some wood to be cut 
down, to erect a hut: w^lst the people were felling it 
(continues Mr. C.) he was standing by, and, during the 
operation, some juice flew from the bark ci it, and stain- 
ed one of the ruffles of his shirt. He thought that the stain 
would have washed out; but, on wearing it ^;ain, he 
found that the yellow ^)ot was much more bright and 
beautiful than before, and that it gained in lustre every 
subsequent time of washing.'' Pleased with the disco- 
very, he sent home a small sample of the bark, which 
*^ produced a valuable yellow dye, far beyond any other 
ever in use in this country.** 

Mr. Clarkson adds, tlMt this gentleman *^ b since uO'» 
fortunately dead, and litde hopes are entertained of falling 
in with the tree again." The colour mentioned in this 
account, if there be no error in it, must have been of 
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that kind which I have denominated substantive^ as ca- 
pable of being fixed by dyeing, &c. without die aid of 
any ahiminous or other basis* 

M. du Prat2, in his history of Louisiana, also men- 
tions a tree, or shrub, seldom exceeding the thickness of 
a man's leg, the wood of which, he says, is yellow, and 
yields a juice of the same colour, if cut in the sap. Both 
die wood and the juice, he says, have a disagreeable 
smell; and the former is used by the natives for dyeing, 
first cut into small pieces, and boiled in water, into which 
they dip feathers, hair^ &c. He calls it ayac, or stinking 
wood; and as he mentions nothing of die use of aluni, or 
any other basis or mordant, this, if his account be accu- 
rate, must also be a substantive colour. I fear, however, 
diat the information of persons, not particularly acquaint- 
ed with the subject, cannot be much relied upon respect- 
ing the natures and properties of dyeing drugs. 

The roots and bark of the Berberis vulgaris, Linn, or 
Barberry shrub, are naturally of a fine yellow colour, 
which they communicate to wool, without any basis; but 
it has not the smallest degree of permanency against the 
action either of air or soap. This shrub indeed furnishes 
a remarkable instance, to show how litde can be disco- 
vered respecting the colouring properties of plants fi'om 
their external appearances. A similar instance lately Oc- 
curred to me in the wood, bark, and root, of the Zan- 
toxylum clava Hercutis, Linn, (the tooth-^ch tree, or 
Japan pepper tree,) every part of which is strongly co- 
loured of a most beaudfiil yellow; but having procured 
scxne of it for trial, I could extract but litUe colour from 
it, notwithstanding its seeming abundance of tingent mat- 
ter; and the litde which I did extract, was, like thatj of 
the Berberis, utterly incapable of forming the least union 
with any basis, or of resisting the action of air, or of 
soap, in any degree. 
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In a note to p. 136, I have referred to a letter from 
Dr. Roxburgh, mentioning that he had sent from India, 
for trial by me, a parcel of '* the coloured tubes of the 
blossoms of nyctanthes arbor tristis, Linn, which the 
Hindoos employ to ^ve a most beautiful but fugitive 
<Htuige colour to cotton;" and I found that these tubes, 
by mere infusion, even with cold water, yielded such a 
colour as Dr. Roxburgh has described, and that it took 
readily upon cotton and silk, by mere cold maceration; 
but it had no affinity or attraction for alumine, the oxides 
of tin, iron, or any other basis, or mordant; and I there- 
fore conclude, that, in the present state of our knowledge, 
there is no probability of rendering it permanent; though, 
as a substantive colour, it resisted the sun and air, for a 
very few days, on calico, and for a week on silk, and 
disappeared gradually, rather by losing body, than by 
any degradation or change of its tint: strong muriatic 
acid did not appear even to weaken the colour, but it 
was immediately discharged by undiluted nitric acid, 
leaving the calico perfectly white: oil of vitriol had less 
action on the colour, though it burned holes on the dyed 
cotton; it was not changed by washing with soap. 

Annotta. 
The seeds of the Bixa Orellana, Linn, (growing spon- 
taneously in different parts of Guiana,) are covered with 
a reddish pulp, which is collected and sent to Europe in 
different forms, under the names of annotta, amotta, and 
roucou. It is principally employed for dyeing silk, and 
sometimes for cotton; though its colour, by all the ways 
and means of applying it, hitherto discovered, is so fugi- 
tive, that perhaps it would be better if it were never em- 
ployed, even for dyeing silk. It partakes so much of a 
resinous nature, as to dissolve but very imperfectly in 
water; and therefore at least an unequal weight of potash 
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is employed to render it soluble in tliat vehicle, and after* 
wards the silk or cotton is dyed therein without any alu* 
minous or other basis.^ The cobur of annotta becomes 
less red, and more inclined to the orange, when separated 
from the seeds by maceration^ in water, as is usually 
practised; and by the addition of potash, it is made to 
incline still more to the yellow hue. This last change 
may, however, be readily overcome by adding any of the 
diflferent acids to the dyeing liquor, after sufficient colour 
has been taken up, by the «lk or cotton dyed therein; 
and afterwards prolonging the dyeing for a quarter of an 
hour: argol or tartar is generally preferred for this pur- 
pose, because it not only raises the colour, but seems to 
render it a little more fixed; so much of it should be 
used, as to make the liquor moderately sour. It is re- 
markable, that though the colour dyed with annotta fedes 
very Cut by exposure to air, it resists soap, and the ac- 
tion of acids, bettei^than some colours which are much 
more permanent. And it certainly affords one, among 
several instances, of colours which decay by causes very 
diflEerent from combustion; because linens and cottons, 
dyed in the usual ways with annotta, su&r less than 
madder colours from the oxymuriatic acid. The fresh 
pulp of the Bixa Orellana, taken inun^diately from the 
shrub whilst growing, and applied to cotton without the 
addition of any alkali, seemed to afford a colour more 
lasting, and approaching nearer to the red, than that dyed 
from the pulp, separated by maceration, as in the com* 
mon annotta.t The greatest consumption at present of 

• The liquid sold in different parts of the town, under the name 
ef " Scott's Nankeen Dye,*' appears to be nothing but an alkaline 
solution of this drug. 

t M. Leblond has proposed (Ann. de Chim. torn. 47) to separate 
the colouring matter from the seeds of the Bixa Orellana, simply 
hj washing them with water, and after precipitating the coloured 

Vot. I. 2D 
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this article, at least in Great Britain, is, in giving to 
cheese a kind of yellowish orange tint, for which it is 
very suitable, as being harmless, and nearly tasteless. 

The Lawsonia inermis of Linn, has long been used 
throughout India, Persia, Arabia, Egypt, and in many 
other parts of Africa, for giving a reddish stain to the 
nails, lips, &c» It is the Ligustrum ^gyptiacum of 
Prosper Alpinus, and the Hinna of the Arabians. Sir 
William Jones relates, that bebg at the island of Hin- 
zuan or Johanna, and observing a very elegant shrub, 
about six feet high, not then in blossom, he learned, that 
it was the " Hinna," of which he had read so much in 
Arabian poems. ^^ Musa (one of the inhabitants, says he) 
bruised some of the leaves, and having moistened them 
with water, applied them to our nails, and the tips of our 
fingers, which in a short time became of a dark orange 
scarlet." — Nieuhoff says, they prepare the tincture by 
steeping the leaves after they have been rubbed small 
upon a marble stone, in figdr water, mixed with a small 
quantity of lime." — " With this (continues he) the 
Turks and Persians also dye their horses' tails." This 
shrub, according to Adanson, b called foudenn, by the 
negroes of Senegal, where it is used, both by the men 
and women, to give their nails a red stain, which lasts 
until the substance of the nails changes by growth. As 
the colour of this shrub requires no kind of basis or mor- 
dant, it must naturally belong to the class of substantive 
colours.^ 

matter by lemon juice or vinegar, to render it dry and hard by 
evaporation; and Vauquelin having made experiments vith the 
colour 80 prepared, concludes it to be worth, at least, four times 
as much as the common annotta. 

*This account of the Lawsonia inermis, was publbhed in 1794, 
oefore I bad seen any of it. But in 1801, my son, being in Egypt) 
SC8 physician to the British army there^ sent me several ^ckages 
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I lately received a few ounces of small seeds, inclosed 
in a flea-coloured husk, but without any information re- 
specting the plant on which they grew. They were 
brought from the coast of Barbary, where, as I was in- 
formed, they are used in dyeing red or pink colours. In 
two or three small triab which I made with them on silk, 
they appeared to possess a substantive colouring matter, 
similar in some Hespects to that of safflower. At first I 
thought they might be the seeds of the gardenia florida, 
which, accordbg to the accounts of Mr. James Cunning- 
ham, who formerly travelled into different parts of the 
East Indies in pursuit of natural curiosities, the Chinese 
employ for dyeing scarlet^ under the name of unki.* I 

of the leaves, dried and powdered; and by the experiments which 
I have since made with this powder, I am inclined to think, that it 
ought to be removed from its present arrangement, and placed 
among the adjective colours. For though great quantities of it are 
employed substantively as a dye, it has a decided affinity for the 
basis of alumine, and that of iron, giving with the former a perma- 
nent orange-brown to calico, and with the latter a brownish black. 

Sonini represents the dried leaves of this plant, as a valuable 
orange or reddish dye, and says, that 1 4 or 15 ships were annually 
loaded with them at Alexandria, and sent to Constantinople, Smyr- 
na, and Salonica, whence a part was exported, particularly to Ger- 
many, and there used << in dyeing furs, and the preparation of 
leather." 

Another species, which is thorny^ possesses the same tingent 
property. Hasselquist says, the practice of dyeing the nails with 
the Lawsonia spinosa (alhenna,) is so ancient in Egypt, that he has 
seen the nails oimummica dyed therewith. He adds, that the pow- 
dered leaves are annually exported in great quantities. 

Loureiro says, of the Lawsonia spinosa, ^^foliis contritis admixta 
calce, utuntur Cochinchinenses, ad tingendos ungues colore ruber- 
rimo: qui mos pro elegantia invaluit non solum apud alios populos 
Indianos, sed etiam apud Turcas, Persas, J&thyopes.*' Tom. i. p. 
339. 

* Dr. Plunkenet, in his Amaltheum, page 39, says, << Semina 
tinctoribus insenriunt iis enim ab indigenis ^ensibus optima 
tiDgitur nobilis ille color, quern acariatinum nostrates. vocant, ut 
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found, however, that diis could not be the case, as the 
seeds of the gardenia grow inclosed, several of them in 
one conunon capsule, involved in a rich^coloured muci- 
laginous substance; whereas the Barbary seeds evident- 
ly grew without any such inclosure. I cannot discover 
whether the seeds of this gardenia, or the mucilage sur- 
rounding them, ought to be considered as a substantive 
or an adjective colouring substance; all accounts being 
defective in this respect.* 

Saffiower. 
This is the Carthamus tinctorius, Linn, which is cul- 
tivated in the southern parts of £urope, Egypt, See. and 
also in the East Indies, whence considerable quantities 
of it have been lately imported to Great Britain* There 

DOS monuit vir rauUiplicis industrial atque indefessi laboris hac in 
parte, D. Jacobus Cunningbamus." 

* When the late Sir George Stanton returned from the embassy 
to China, in which he was associated with Lord Macartney, he 
gave. me some yards of a cotton cloth, which had been dyed scar- 
let, and probably from the gardenia florida, (now called cape jas- 
mine in this country.) It was one of the articles mentioned by Mr. 
Barrow in the following words, viz. *^ among some of our presents 
were aXso pieces of a beautiful scarlet,*' (P. 560.) The colour of the 
cloth so given to me, certainly approached nearer to the cochineal 
scariet than any which I have seen dyed on cotton, in Europe, and 
it seemed to be of a resinous nature, dyed substantively without 
any basis, and capable of bearing exposure for a reasonable time 
to the sun and air, but liable to be in a considerable degree dis- 
charged by washing with soap. Concentrated oil of vitriol had but 
little effect upon this scarlet. — Strong muriatic acid changed it to 
an orange; and double aqua fortis made it yellow. So that it was 
much less injured by these acids, than colours vastly more durable 
are known to be. 

Loureiro moreover mentions another species of this genus, vis. 
gardenia grandiflora, whose succulent berries, recently gathered, 
are, as he says, (tom. i. p. U7,) employed to dye silk of an ekgant 
red colour. 
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are two varieties of this plant, one of which is distin* 
guished by having much broader leaves than the other. 
BerthoUet mentions the narrow-leaved as that which is 
cultivated in Egypt, whence considerable quantities of it 
arc from time to time exported.* It is the ftower only 
of this plant which is employed in dyeing, and which 
affords two sorts of colouring matter, one soluble in wa- 
ter, and producing a yellow of but litde beauty, when 
dyed adjectively, on an aluminous basis; the other is 
resinous J and best dissolved by the fixed alkalies; it is 
this last which alone renders safflower valuable in dyeing, 
as it affords a red colour, exceeding in delicacy and 
beauty, as it does in costliness, any which can be ob- 
tained, even from cochineal, though much inferior to the 
latter in durability. 

^ To obtain this red colour' of safflower, it should be 
tied up in a linen bag, and subjected to maceration and 
pressing in clean running water, until all the yellow co- 
louring matter is dissolved, and washed away, and the 
flowers which were previously yellow, are made red by 
an abstraction of this yellow colour. This being done, 
the flowers are again to be macerated in a solution of 
clean soda, in quantity sufficient, and only sufficient, 
completely to dissolve and extract the resinous or beau* 
tiful red colouring matter; which is to be separated by 
draining, and the application of more water to the resi. 
duum, until the whole is abstracted and collected for 
use. To fit this colouring matter for dyeing, the soda by 
which it was extracted is to be neutralized by an acid; 
and for this purpose the citric acid is generally preferred 
to all others, and more especially that which is contained 
in lemons, or limes beginning to rot or spoil; or in their 

* Niebuhr says, there are ten varieties of safflower cultivated in 
Egypt, and that the quantity annually produced, commonly amount- 
ed to between fifteen and eighteen thousand quintals. 
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juice, when it has been kept some months in casks, and 
the mucilage has suflfered a partial decomposition. Next 
to the citric acid, that of tamarinds, and of tartar, are 
thought most suitable; though Bergman has recommend- 
ed the sulphuric, as next to the citric, if it be not used in 
excess. But Schefier pretends that (he acid juice of the 
berries of the pyrus acuparia, or mountain ash, produces 
a better and more lasting colour than even die citric 
acid. 

The colour of safflower will not bear the action of 
soap, nor even that of the sun and air, for a long time; 
and being more cosUy than even the colour of cochineal, 
it. is principally employed for imitating upon silk the fine 
scarlet (ponceau of the French) and rose colours, which 
are dyed with cochineal upon woollen cloth. Beckman 
pretends that by preparing cotton as for the Turkey red, 
and dyeing it with safflower, the colour was rendered 
much more durable, than it is by the ordinary process; 
but in this way it will cost so much, and after all prove 
so inferior, in point of durability^ to the Turkey red, that 
this method of employing safflower, does not seem likely 
to be ever adopted. 

The fine rose colour of safflower, extracted by crys- 
tallized soda, and precipitated by citric acid, and then 
slowly dried in die shade, being afterwards finely ground 
with the purest talc, produces the beautiful paint by 
which ladies give to their cheeks the bloom of youth and 
health, and which the French distinguish from carmine 
by the name of " rouge vegetale.^^ 

Aloes. 

M. Fabroni, in a memoir printed in the 25th volume 

of the Annales de Chimie, has stated, that the almost 

colourless juice of the aloe succotrina angustifolia, by 

exposure to atmospheric air, assumed a fine purple co- 
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lour from an absorption of oxygene, and that he had 
dyed a beautiful and lasting purple with it upon siUr^ 
without any mordant or basis whatever; and in the 68th 
volume (p. 165) of the same work> M. M. Bouillon 
Lagrange, and Vogel, have asserted, that nitric acid, 
heated with powdered aloes, produced a beautiful yellow 
powder, which, on being mixed with water, gave to tlie 
latter, a magnificendy rich purple colour: that a single 
atom was sufficient to colour a large portion of water, 
and that the colour was so permanent, that when applied 
to the fingers, the stain continued several days, especially 
if a little alkali had been previously mixed with the 
powder. 

Encour^ed by these statements I was induced, when 
this volume was nearly ready for a second impression, to 
rub, in a glass mortar, some of the best Barbedoes aloes, 
and pour upon it a litde strong nitric acid, to which, 
after it had been mixed with the aloes, I added three or 
four times as much water; and with this mixture farther 
diluted, I the next day dyed some pieces of white broad 
cloth and calico: the latter took only a sort of tobacco 
colour; but the cloth soon exhibited a rich, though 
brorumishy purple, of considerable brightness, and which, 
after exposure to the sun and air during all the month of 
July (1812,) had suffered no change, excepting that it 
seemed, jjerhapsp, half a shade darker and fbller than at 
first. I conclude therefore that this colour is eminendy 
durable. It had, however, too much of the chocolate 
brown in its composition to be deemed a beautiful pur- 
ple. I tried a similar mixture, with a nitro muriate of 
tin, and with alum, but neither of them appeared to im- 
prove the colour in any way. I also tried it with sulphate 
of iron, which produced no change. i 

How far it might be practicable to render this aloetic 
colour strictly a fine purple, and how far, in point of 
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cheapness, it would be advantageous for common uae, 
are questions which I am not yet aUe to answen Per* 
haps the more common Barbadoes aloes, might answer 
as weU as that with which my experiments were made. 
I mean soon to ascertain this £u:t. 

Aloes powdered) and mixed with strong sulphuric 
acid, produced only a snuff cdour-upon broad cloth^ 
and with muriatic acid, it produced only a lighter brown; 
the purplish colour before mentioned, is therefofc an 
eflect of the nitric acid alone. 

OrchaU and Cudbear. 
The Linnean genus of Lichen, belonging to the natu- 
ral order of algae, contains numerous species, of which 
several, after being macerated with ammonia or volatile 
alkali, afford beautiful videt, purple, and crimson, sub- 
stantive dyes; of these the most viduable is obtained from 
the lichen rocceila, Linn., which in the quanti^, vivacity, 
and durability erf* its colour, excels every other species of 
lichen; though unfortunately even this cannot be deemed 
a &st or permanent dye. Dr. Dillenius has given an ac- 
curate figure and description of it in his excellent and 
elaborate ^^ Historia Muscorum," Oxonii 1741. 4to. p. 
120, tab. 17, fig. 39, under the name of coralloides 
comiculatum fiisciculare tinctorium, fusci teretis lacie.'* 
And he thinks, with reason, that it is the identical rorov- 
Tiov ^tfiuf , or alga marina of Theophrastus, and the K%\x^^ 
of Dioscorides, mentioned by them as being in great use 
and estimation for dyeing wool, of a colour more beauti- 
ful, when first dyed, even than the Tynan purple.^ Pliiiy 
also mentions it, as I have already noticed at p. 95, and 
in his 26th book, chapter 10, he cdls it *' Phycos tha- 
lassion;'' << id est fucus marinus;'* adding, that it serves 

• Theophraat. Hist. Plant, i?. c. 7. p, 82. Ed. Heinsii. Dioscorid. 
lib. iv. c. 95. 
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as a ground for the shell purple, ^' qui conchyliis substeN 
nitur:" and in his 32d book, chapter 6tfi, he mentions it 
again as one of the " algae maris/' of which, says he, 
there are several kinds, and among them that of Crete is 
most commended, &c. ** Laudatissima quse in Creta in- 
sula juxta terram in petris nascitur; tingendis etiam lanis 
ita cohrefn aHiganSy ut elui pdstea non potest." He was 
however greatly mbtaken in thus supposing that it con- 
tributed to render other dyes more fiited or lasting. 

After all knowledge of the use of this lichen had (in 
coinmon with arts and sciences) been lost for several 
centuries in the west of Europe, it was restored at Flo- 
rence early ih the 14th century, by a Florentine, de- 
scended from a German named Ferro, or Frederigo, 
who having resided some years in the Levant, and ac- 
quired information respecting the properties of diis lichen, 
returned to Florence, and there introduced, and exclu- 
sively enjoyed, the use of it in dyeing, fok- some years; 
and acquiring great wealth, became the founder of one 
of the principal Florentine families, who took the name 
of Oricellarii (afterwards abbreviated to Rucellarii and 
Rucellai,) from the name of OriceUoy by which this 
commodity was afterwards distinguished in Italy: and 
the ItaliaM having tlius become acquainted with the 
preparaftion and uses of this lichen, engrossed for a cen- 
tury all that could be procured of it among the islands 
of the Archipelago, and on the shores of the Mediterra- 
nean, until the discovery of the Canary islands (whigh 
had likewise been lost) in 1402, by John de Bethen- 
court, a Norman, relieved the other nations of Europe 
from their dependence upon Italy for this commodity.* 

* I have now before me the scarce '^ Histoire de la premiere de- 
eouverte et conquete des Canaries, 8cc/' by this Bethencourt, (de- 
scribed as chamberlain to the French king^ Charles VI.) stated to 
have been written by two priests (Boutier and Le Verrier) who 

Vol. I. 2E 
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At a much later period (i. e. about 1730) the orchella 
was discovered growing abundantly and luxuriandy at 
the Cape de Verd islands; where it had been left to ac-^ 
quire full maturity, unmolested^ and was found to be 
much larger and richer in colouring matter, than any 
which had been previously known. The quantity had 
however been considerably diminished, when Wadstrom 
was there about half a century afterwards. The labour 
of gathering the orchella then cost, as he inf(»rms us, 
about five shillings sterling the quintal, and the medium 
price at Porto Praya, was about 3000 reas, (or 18^. 6d* 
sterling;) but when carried to Lisbon, it sold for 19,200 
reas, more than six times as much. It often sells at Lon- 
don for 300/. sterling per ton, and sometimes for more 
than 1000/. 

Ray, (Hist. Plant, i. p. 74,) has given, from Imperatus, 
a short account of the preparation of Orchella for dyeing; 
and Micheli has since published one, which is more cir- 
cumstantial, and probably conformable to the practice of 
the Florentines. The means employed were human urine, 

were in his suite, and published by *< Galien de Bethencourt, Con- 
; seillier du Roi," in the parliament of Rouen, (printed at Paris in 
1630,) in several parts of which, mention is made of this commo- 
dity, particularly at p. 130, where, in describing the productions of 
these islands, I find these words: <' Et y croit une graine qui vaut 
beaucoup, qui on appelle ortolief elle sert a teindre drap ou autre 
choses, et est la meilleure graine que Ton sache trouver en nui 
pais pour la condition d'icelle; et si cette isle est une fois conquise. 
et mise a la fbi chretienne, icelle graine sera de grand valeur an 
aieur du pats;" and in a note the following explanation is subjoin- 
ed: ** Orsolle graine a teindre de grand prix, oriocola ou oricjpla, 
dont se fait grande trafic par tout/' Afterwards, at p. ISO, I find, 
that Bethencourt, among other regulations) prohibited all persons 
from dealing in this commodity, meaning to reserve the profits of 
it exclusively to himself, as the kings of Spain have since done in 
the islands of Canary, Teneriffe, and Palma. The Canaries have 
since annually produced about 3)600 quintals of orchella. 
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and either pota^ or soda, with which the powdered lichen 
was mixed, macerated and fermented (in close wooden 
vessels) for several weeks, until the resinous colouring 
matter, by combination ivith the ammonia of the urine, 
had been sufficiently evolved and dissolved: after which, 
it was preserved in a moist state in tight casks, sprin- 
kling the suHace, when necessary, with urine or lime 
water, until wanted by the dyer. Lime has since been 
substituted for potash and soda, as several other species 
of Uchen have been for the rocella, or orchella, though 
none is of equal value or utility. One of the best of these 
substitutes probably is a lichen, which Imperatus has 
described and figured, (Hist. Nat. xxvii. cap. 11,) as 
growing on rocks near the sea in Candia^ and there 
called rubicula; it is nearly related to the orchella, and 
£^uendy mixed with it, Linnaeus has named it lichen 
fuciformis. It grows also in the East Indies. 

The French have for several centuries employed in 
this way, a species of lichen called by them perelle froxa 
a corruption of the word pierre^ (stone), it being com- 
monly found adhering to volcanic stones, or productions; 
and it has been generally supposed and stated to be the 
lichen parellus of Linn., but it appears certain, from a 
" Memoirc*' by M. Cocq, just published in the 81st vo- 
lume of the Annales de Chimie, that this is a mistake; 
that in Auvergne, where this lichen is principally gather- 
ed, the true lichjrn parellus of Linnasus is called la pom- 
melee, and that this is constantly rejected by the persons 
employed to gather the perelle^ as being unfit for their 
purpose: and indeed M. Cocq found, by suitable trials^ 
that the lichen parellus of Linn* would only yield ^' un 
chamois rougedtre." And he asserts most positively, 
that the moss collected and employed to produce Por- 
seille d'Auver^y (sometimes also called orseiUe de 
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terre) is the variolaria- orcma of Achariut,* (which Dr. 
Westring has mentioned as aflbrding a beautiful colour;) 
that thb b generally, and invarisdbly denominated perdle 
in Auvergne, and that, when prepared in the usual way, 
it afforded *' la belle et vive couleur rouge amarantCj qui 
les teinturiers du pays en tirent.^* It sells he says in Au« 
vergne, for between 12 and 24 sob the pound, and a 
labourer may gather four pounds daily. M. Chaptal says, 
the Englbh used to obtain it on the coast of Italy, (pro- 
bably at die isle of Elba.) 

M. Cocq gives, in the same memoire, a particubr ac- 
count of the process by which thcperclie b prepared for 
dyers' use, at Clemumti he having been extensively en- 
gaged in that business for several years. It af^iears that 
wooden troughs are employed as usual to macerate and 
ferment the pereUe: that these troughs are commonly 
about six feet in length, two or three in breadth (but 
narrowest at bottom,) and about two f<^t in depth; and 
that to each trough a cover is exactly fitted, so that it 
may retain as much as possible of the volatile alkali of 
the (human) urine; of which 24Q}bs. are conunonly em- 
ployed for every 2001bs. of the perelle; this last being the 
quantity usually allotted for each trough, and which it 
will about half fill. In such a trough the pereUe and urine 
are to be well mixed, and afterwards stirred every three 
hours, during two days and nights, taking off the cover 
only as qfienf and as loag as b necessary for the stining. 
On the tiiird day lOlbs. of sifted and slack lime are to be 
added, and well mixed, together with a quarter of a 
pound of arsenic, and as much alum. The workmen are 
to avoid the fumes of the arsenic as much as possible^ 
for some hours after its admixture.— -But when there is 
no longer any danger firom these fumes, ttie stirring b to 

* Meth. lich. suppl. p. 6. 
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be repeated several dmesi once each quarter of an hour, 
and sdterwards at the intervals of half an hour, until the 
fermentation is established; after which the mixture need 
only to be stirred often enough to hinder the formation 
of a crust on the surface, which, by obstructing the fer* 
mcnting process, would hinder a coi^iplete formation and 
evolution of the colour. When the fermentation has sub- 
sisted 48 hours, it commonly begins to slacken, and is 
then to be excited by an addition of Slbs. more of sifted 
lime, and the stirring repeated once every hour qntil the 
fifth day, when the frequency of stirring may afterwards 
be gntduaUy diminished. On the eighth day, there will 
be a considerable, but not a complete manifestation of 
the coloitr; and, therefore, the operation is to be con- 
tinued a fortnight longer, (stirring the mixture at inter- 
vals of six hours;) and even after this, it is commonly 
thought safest and best to extend the process another 
week, making in all a lunar month; though when the . 
perelle is rather deficient in colouring matter, three weeks 
will fully suffice. 

The colouring matter so produced, is afterwards to be 
kept moist in closed casks, in which it will improve 
during the first year; remain stationary during the second, 
and begin to decline in quality afterwards. When the 
volatile alkaU has evaporated, the orseilk (as it is called 
when so prepared) acquires an agreeable violet smell, 
/^and by simple boiling it will,. says M« Cocq, dye upon 
doth *^ un amarapfei^^ and «ri^ longer boiling *^ un 
amarante foncL^^ I shall presently oQer some observa- 
tions upon this process, when treating of the preparation 
of Cudbear in this country. 

During many years, perhaps several centuries, the in- 
habitants of Sweden, Scotland, Ireland, Wales, and some 
of the northern parts of England, have employed different 
species of lichen, macerated with urine, in their domestic 
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dyeing.— One of these, the lichen omphalodes, Linn, 
has been commonly called cork, corker, and arcel; and 
in Wales kenkering; and it gave a kind of dark crimson 
to wool and woollen stu£&« It is the lichenoides saxatile 
tinctorum foliis purpureis of Ray. (Synops. p. 74, No. 
70.) Linnaeus says, (in his Flora Lappomca) that an im- 
mense quantity of this lichen grows on the island of 
Aland, in the Baltic. 

The lichen calcareus, Linn., or lichenoides tartareum 
tinctorium candidum tuberculis atris of Dillenius, (p. 
128) which grows exclusively on limestone rocks, pos- 
sesses similar properties, and has been long used in the 
same way, by the people of Wales, the Orkneys, &c. 

Nearly similar colours may be obtained from several 
other species of this genus, (by maceration with lime and 
urine), particularly the lichen saxatilis, Linn, (or lichen 
de roche of La Marck, Flon Franc, p. 78); the lichen 
caperatus, Linn., lichen pustulatus, Linn., lichen argen- 
tatus, Linn, (called cadlog, and kengevin, in Wales); li- 
chen stygius imbricatus, &c. Linn., lichen nivalis, Linn., 
lichen deustus, Linn., lichen fistulosus of Hudson, and 
lichen muscorum of HoflPman; which, Kalm says, the 
Pennsylvanians macerate three months in urine, and 
then dye with it a beautiful red colour. 

But the most important of all the lichens produced in 
the northern parts of £urope, seems to be the lichen tar- 
tareus, Linn., a crustaceous moss, growing commonly 
on lime-stone rocks, in Sweden, Scotland, the' north of 
England, &c. It is the lichenoides tartareum farinaceum 
scutellarum umbone fusco of Professor Dillenius (p. 132.) 
Linnseus mentions, (Iter West-Goth. p. 170) that the 
people of West-Gothland prepare a beautiful crimson dye 
from this lichen, which, under the name of byttelet, is 
ilsed all over Sweden; and, besides this use, Ehr. West^ 
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ring computes, that about one hundred and thirty tons of 
it have been annually exported frbm that kingdom, since 
the year 1770. This is the lichen, with which a purple 
or violet-cdoured powder is prepared in Great Britain, 
and sold under the name of cudbear; a name ^ven to it 
by the late Dr. Cuthbert Gordon, who, having obtained 
a patent for this preparation, chose, in this way, to con- 
nect it with his own first name, which had been the 
maiden-name of his mother. 

Having never seen Dr. Gordon's specification of his 
invention, I do not know the peculiar novelty by which 
it was distinguished — perhaps it may have been that of 
giving the preparation a dry instead of a wet form; or 
the circumstance of employing ammonia, obtained by 
dutillation Grom urine, instead of the urine itself, to ex- 
tract and raise the colour of the lichen; a change which, 
whether made by him or not, certainly was a considera- 
ble improvement, as urine contains many other matters, 
which, at best, are but an useless incumbrance to the 
volatile alkali. 

At the proper times and places, one person may col- 
lect twenty or thirty pounds weight of this lichen daily; 
but it should be allowed five years growth before it is 
gathered. It commonly sells at the port of London for 
twenty pounds the ton: but, to prepare it for use, it must 
be washed and dried; and by these operations the weight 
is commonly diminished one half, and the price, in efiect, 
doubled. It is macerated and stirred in wooden troughs 
or vessek with covers, as is practised with the perelle 
at Clermont, in Auvergne, only substituting an a^ia 
ammonia^ obtained by distilling human urine, that of 
graminivorous animals being deficient in the volatile 
alkali; the purity of which seems to be of more impor- 
tance to the beauty of the colour, than is commonly sup- 
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pb^ed.^ I hate prepared this colour several times, and 
am convinced, that the alum, mentioned by M. Cocq, 
is completely useless''— and that the arsenic is both use- 
less and dangerous; indeed, I believe the latter is not 
emplbyed in this country. It seems to me, also, that much 
labour in stirring, and much waste of volatile alkali might 
be saved, by employing hogsheads instead of fixed 
troughs or wooden vessels. The lichen ground in a mill, 
properly constructed, might be put with the aqua am- 
mddia into the bun^-hole, purposely made a little larger 
than common, atid thi: bung being applied and secured^ 
so as to hinder any leakage, the hogsheads might be roll- 

* Of this fkct a decisiye proof lately occurred tio me, in conse- 
quence of an apt>lication from certain manufacturers of cudbiiar) lA 
Uie neighbourhood of London, who complained, that they were 
unable to obtain more than half the usual price of that article for 
the produce of their own manufactory: and, being unable to disco- 
ver the cause of its manifest inferiority, they requested my assist- 
ance to remove its defects. For this purpose, they supplied me 
with parcels of the lichen which they had commonly einployed, 
both in its washed and unwashed slate; and also with some of their 
aqua ammonia, and I soon satisfied myself that the latter had alone 
occauoned the defects of which they complained. In making use 
of it, I found, that after the predominant odour of the ammonia was 
4 little dissipated, another became, and remained prevalent, Which 
was extremely offensive, and seemed t6 be the very essence of the 
^f^atile parts of solid human fasces: and I leimed upon enquiry, 
that BO pains had ever been taken to separate this ordare from the 
urine, with which it was frequently intermixed in their collections. 
To ascertain the di^erenoe occasioned by this offensive addition, I 
mttcerated a parcel of the lichen with it» in the usnal way, and ano- 
ther parcel in pure aqua ammonia, which I procured fr6tn a drug- 
gist; atid with the latter I produted very excellent cudbear, which* 
both in its i^pearance and in its effects, when applied to cloth, was 
equal to the finest sample which I could procure, while that pro- 
duced with the impure volatile alkali, befi>re mentioned, Was nux* 
nife§tly very d^cHvt^ in the looki as well as in tlie colour dyed* 
from it. 
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ed from time to time, so as completely to obviate all 
need of stirring, and all opportunity for the escape of 
volatile alkali, which is unavoidably very great, every 
time the troughs, &c. are uncovered for that operation. 

The colours obtained in this way, from the several / 

species of lichen, though possessing great beaut}' and 
lustre at first, are so fugacious, even when dyed upon 
wool, that they ought never to be employed, but in aid 
of some other more permanent dye, to which they may 
give body and vivacity; though some dyers have been 
tempted, by a love of gain, to employ the cudbear 
alcHie; and in one instance, a great corporation lately ob- 
tained from a London dyer, the restitution of several 
thousand pounds, as a compensatign for excessive 
prices paid to this dyer for colours which ought, and 
were believed, to have been dyed from indigo and co- 
chineal, though they had, in fact, been dyed from cud- 
bear only. 

I have already mentioned, that the colour obtained 
from the orchella is less fugacious and more beautiful 
than that yielded by any other species of lichen, and it 
is, therefore, much more costly. The application of 
these colours by dyeing is so simple and easy, that no 
instruction can be wanted from me on that subject. Its 
purple or violet tint is the immediate result of^the union 
between the resinous colouring matter of the plant, and 
of the ammonia with which it is prepared; and it may 
be made crimson, by an admixture of, I believe, any of 
the acids. Alum does not in any degree render the co- 
lour more permanent; but the nitro muriate of tin is 
believed to produce a better effect in this respect, though 
it makes the colour dyed with it, approach nearer to the 
crimson; but I have never found that it was attended 
with any additional vivacity. 

Cudbear in this country is chiefly employed to give 

VoL.I. 2 F 
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body and brightness to the Unes dyed widi ind^, and 
produce a saring of that article; it is also used as ta 
ground for madder reds, which ccMnmonly incfine too 
much to the yellofr, and are made nujr by diis additicm. 
It stains maible dwably, as was first observed by Dofi^. 

But though, as I have lately mentioned, the purpfo, 
or violet colour obtained fitmi these Kchens, dcpciids 
upon a combination of ammonia, the presence of a cer- • 
tain portion of oxygene also is necessary to its existence, 
as I have already noticed at p. 47, in regard to the co* 
lour of the spirituous thermometers. Water, coloured by 
prepared orchella or cudbear, and secluded from atmos- 
pheric air, loses its purple in much less tim6 than die 
spirituous tinctun?; and I found, that a phial being filled 
with it, and with a small proportion of muriate of tin, 
recently prepared, and closely stopped, the purple cokrut 
of the cudbear completely disappeared in less than two 
minutes, as I presume, by an abstraction of its oxygene. 
This is analogous to the extinction of the colour tS sul- 
phate of indigo by the same muriate. 

Besides the lichens, whose colour depends upon a 
combmation with the ammonia, there are some which 
afford substantive colours, less beautiful, indeed, but 
more durable, by mere boiling with water-^-^ne of these 
is the muscus pulmonafl^|||||' Caspar Baufaine, or the 
lichenoides pulmoniiMH' relicnlatum vulgare marginibus 
peltiferis of Dillenius, (p. 212) called Rags, and Stone 
Rag, ill the northern parts of England; which, without 
any mordant, dyes a very durable dark-brown colour 
upon white wool or cloth; and a fine lasting bbck upon 
wool or cloth which has previously received a dark blue 
from indigo. 

Besides the lichens affording substantive colom^s, there 
are many which, being employed adjectively with altdn, 
or the oxides of tin and iron^ are capable of dying ytl- 
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lowsy olives, and a wiety of browns — but they do not 
belong to this divbion of my subject — and as similar 
colours may be given at less expense, with other means, 
I probably shall not notice them hereafter; but think it 
suAcient to refer those who may wish for more infor- 
mation concerning them, to Hoffman's ^^ Commentatio 
de vario Lichenum usu,'' printed at Lyons^ 1787. 

There is a species of cdouring matter diffused, in 
greater or lesser proportions, through the barks and 
other parts of almost all trees and shrubs, and which, 
witfaoMt any basis or mordant, permanently dyes or 
stuns viKil, silk, cotton, and linen, of that particular 
jund of colour, which the French call " fauve," (fawn- 
cobur) and sometimes couleur de racine, ou de noisette, 
(rao^, or hazel-nut colour.) This being naturally blended 
with some of the more valuable colours of vegetables, 
frequently does harm, by degrading or obscuring them« 
It is found most abundantly in the peelings, rinds, or 
husks of walnuts, ( Juglans regia), in the ropts of walnut- 
trees, in alder bark, &C,.; and it stems to acquire both 
body and permanency, by attracting and combining with 
pure air. M* BerthoUet has, however, treated so fully and 
so well of the properties of this kind of colouring matter^ 
when applied substantively, that I cannot do better than 
refer my readers to that part of his work which relate^ 
to it; observing, at the same time, that the colouring 
matter in question, though capable of being permanently 
fixed without any metallic or earthy basis, does^ in some 
instances, acquire new and more useful properties, when 
applied with a basis adjectively; whidi I shall notiqs 
faeveafter, under the proper heads, and particularly when 
I come to treat of the Uack <fye» 

These are three species of poisonous shrubs, or vines, 
growing in North America, aii2 containing in their steovi, 
Jeinnea|ffcc« m white milky juipv, wluch, when applied to 
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linen, cotton, or silk, produces a stain, which soon be- 
comes of a full, strong, and durable black colour ^ inca- 
pable of being discharged by repeated washings, or 
impaired by the weather. These are the Rhus vemix, 
(growing likewise in Japan, and yielding the fine Japan 
black varnish); tlie Rhus radicans; and the Rhus loxi- 
condendron, Linn. Some trials, which I formerly made 
in America, seemed to indicate the last of these as af- 
fording the deepest and most permanent black. But in 
all of them this colour probably depends on the addition 
of oxygene to the colourable matter; an addition which, 
in the formation of indigo, produces only a blue, whilst 
in the present instance it changes a white milk;f juice to 
the greatest possible extreme, by rendering it of ^ full 
strong black. I have found that by washing the stains 
before the black was completely produced, it never at- 
tained more than a blackish brown. 

Marking Nut. Or Semecarpus AnacarAum. 
The tree which Linnaeus erroneously denominated 
Avicennia Tomentosa, and which his son afterwards, 
witli more propriety, called Semecarpus Anacardium, 
produces a nut, which has been long known under the 
name of Malacca bean, or marking nut, from the use 
generally made of it throughout India, to mark calico 
and silk. The shell of this nut is composed of double 
laminae, between which are many cells filled with a cor** 
rosive resinous juice, of a pale milky colour, until the 
nut has ripened, and then it becomes a brownish black. 
It is only soluble, as far as my knowledge extends, by 
the combined operation of alcohol and caustic alkali, nei- 
ther of which, alone^ will dissolve it; and being dissolved, 
it may be made to serve as an ink, probably of great 
durability, and indestructible by any thing which will 
not also destroy paper. Osbeck says, that when the juice 
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is employed for marking, the letters are commonly co- 
vered, wfttle wet^ with quick lime, to obviate the injury 
that might otherwise result from the corrosive property 
of the juice; and it seems that quick lime is \try gener- 
ally employed for this purpose, in the way mentioned 
by Osbeck, or mixed with the juice before its applica- 
tion. By long keeping, this juice becomes as thick as 
tar, and in some of the nuts which were given to me, 
by a gentleman in whose possession they had been for 
more than ten years, it manifested no acrimony to the 
taste. Some of it being topically applied to white calico, 
without any addition, it penetrated thoroughly, and, 
being dried, it was afterwards boiled with soap, and 
exposed to the sun and weather, during two months, in 
which space the black colour had become deeper and 
more decided, as I presume, by an absorption of oxy- 
gene; but as, from the viscidity of the juice, a redun- 
dance of colouring matter had been applied, the marks 
seemed rather to have been painted than stained or 
dyed. 

Dr. Roxburgh says, these nuts are employed by the 
Telinga physicians, to cure the venereal disease. They 
are also pickled like olives, whilst very young, and, 
when nearly ripe, are applied as a mild caustic to sores, 
&c. Lamarck, and the French botanists, have restored 
to this tree, the name of anacardium^ by which it was 
first distinguished, from the resemblance of its nut to 
the shape of a heart (somewhat flattened); and taking 
away this name from the Cashew tree, to which it ought 
never to have been applied, (as its nuts are kidney shap. 
ed,) they have denominated the latter cassuvium po- 
miferum, which is the name formerly given to it by 
Rhumphius. 

Being at Barbadoes in the year 1805, a parcel of these 
nuts was given to- me by Mr. Simmonds, a very pro- 
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miwig youi^ botaDisI, (then io the fiunity of die go- 
▼eraor Lord Seaforth,) who was prematurely stopped 
in hb pursuit of knowledge, soon after, by death, at 
Surinam. Tliese nuts bad been recently gathered, haT- 
ii^ grown on a tree in the garden of the government 
house, {pi%rimst) but were necessarily abortive, there 
being no male tree on the island. Their juice I found 
sufficiendy fluid» though only of a dark-biown colour, 
when spread either on calico or paper, but it afterwards 
became blacky by exposure to atmospheric air. Strong 
nitric acid dianged it to an orange; but oil <rf* vitriol did 
not alter, though it weakened the cdour, and this was 
the case when muria^ acid was applied to it Muriate 
of tin produced no sensible eftct upon it. Tlus juice 
was a little acrid to the taste. 

lliere are a c<msideraUe number of other vegetaUesi 
whose juices by simfrie topical application permanently 
stain linen or cotton, and the stains^ by exposure to the 
atmosphere, generally become black, or nearly so# One 
of these is the amjrris toxifera, or poison ash, which 
Catesby (vd. S, p. 43,) has described as a '' toxicoden- 
dron foliis alatis fiructu purpureo," flee adding, that 
^' from the trunk of this tree distils a liquid black as 
ink, which the inhabitants say is poisoir." *^ It grows 
usually on rocks in Providence, Ilathera, and other Ba* 
huia islands. It is also fiMind in South Carolina and 
Georgia." 

^ The camochdia integi^folia, called Bomwood, or 
Pi^u woody and by some Maiden iteaab, in lamaica, 
abounds in a moderately glutinous sap, whidit as Jac- 
quin asserts^ will grow bbck by exposure to atmos- 
pheric air, and stain the hands d[ a deep black CGlour» 
only to be removed, with great difficulty, by ivisfaing 
with soap. V 
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Another species t>f this genuft, ihe <aimoeladia 4en- 
tata^ growing in Sooth America and in Cuba, ^nats^ 
when wounded, a riscid milkjr juieei ameffing tike hu- 
man excrement, which, by exposure to die air, becomes 
Mack, and gives durable stains to linen, 9dc. as weU as 
to the fingers. It is menticmed by Uttoa under the wme 
dguao. 

Another species of this genus, Camocladia punctuata, 
or dotted stalked Eclipta, grows in the West Indies, and 
contains a thin greenish sap, which turns black by ex- 
posure to the air, and may be used as ink. Jacquin says, 
the negroes sometimes endeavour to increase the black- 
ness of their skins by washing with this juice. 

The Eclipta erecta (cotula alba, Linn. ) affords a juice 
which the inhabitants of Cochin China, as Loureiro as- 
serts, (p. 505,) employ to dye human and other hairs 
permanently black, and, therefore, call it ink plant; 
^* herba atramenti." 

Several species of the genus Rauwolfia abound in a 
glutinous milky juice, which blackens by exposure to 
the air, and gives lasting dark-coloured stains; one of 
these, R* cane^ens, ('Me bois laiteux febrifuge,'' of 
Poupp^e des Fortes,) bears juicy black berries, which, 
at maturity, may be used as ink, without any prepa- 
ration, and are said to give a lasdng black stain to 
linen. 

The hippomane mancinella, or manchineel tree, con- 
tains a very acrid juice or sap, which, if in cutting the 
tree, or otherwise, it falls on linen, soon produces a 
black stain, which afterwards becomes a hole, from the 
caustic quality of the sap: probably lime would correct 
this, as it does that of the juice of the marking nuts. 

The terminalia vemix of Lamarck, (Tsi-Cbu of the 
Chinese,) contains, in every part of it, a caustic milky 
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juice, whidi, exuding frcMn the tree when wounded, 
thickens and becomes Uack like pitch, bjr beii^ in 
contact with the air, and is used by the Chinese as a 
varnish fcH* furniture. 

I could mention several other v^^dabks with similar 
properties, but believe it to be unnecessary. 
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CHAPTER VI. 
Of Mineral Substantive Gohuts. 

'* Rien n*est plus facile dans let science! fondles sar I'exp^rienoe que de muUi- 
** pller lei faits partieolieri; nuJs ees fftitf oe toot d^es d'AttentioD, que lonqn'ils 
*'serTent k coadoire k des v^rit^i g^n^nlet, ou que pr6seiiUn^ au oootraire, de« 
" singularit^s nouvelles et imprdvuet, Hs deTienncfut on objet de reeberehet." Hist. 
de PAcAii. Rs» ke. 1777. 

Each of the itaetals and semi-metals is capable, when 
dissolved, (^ becoming a basis or mordant, for fixing 
and modifying some at least of the different adjective 
animal or vegetable colouring matters, with more or 
less advantage, by dyeing. But besides this property, 
which will be made a subject of future consideration^ 
several metals and semi-metab afford coloured solu- 
tions or oxides, which are capable of being united and 
fixed directly in the fibres of linen, cotton, silk, or wool, 
and of thereby producing various permanent substan- 
tive colours* It is indeed true, that hitherto but few me- 
tallic preparations, excepting those of iron and copper^ 
have been used in this way, ot for this purpose; I mean 
that of giving substantive colours. 

Iron^ 
This, by whatever means dissolved, possesses so 
much affinity to linen and cotton,* that when applied to 
them, its oxide or calx decomposes and fixes itself per- 
manently in their fibres, and thereby produces colours, 

* The a£finity between cotton and the oxide of iron is so strong, 
that by simply moving the former about in water, wherein the suN 
phate of iron has been dissolved, and left exposed to atmospheric 
air for a few days, it will gradually attract and take to itself every 
particle of the metallic oxide. 

Vol. L 2 G 
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dilFering cooudcrabljr from each other, according to the 
diffin:ent states in which the oxide may have been iq>« 
plied, particularly in respect of the portion of oxygene 
combined with it. But as the oxide of iron, in all siata^ 
and howfver obtained^ is disposed to attract the oxy- 
gene of the atmosphere, its different colours, by this ad* 
dition, soon lose their peculiar shades or variations, and 
acquire the rusty colour commcmly called iran^mauid^ 
This addition, moreover, soon renders the oxide in 
some degree corrosive, and jcnned perhaps to the rigi* 
dity which it occasions by a sort of concretion in the 
fibres of wool, silk, cotton, and linen, it disposes them 
to become brittle, or less durable. There are few, if 
any, who have not observed instances of thb eflfect 
fi'om spots of what is called iron<mould on linens, &c« 
which produce hdes, long before any occur in other 
places. But where iron is used in dyeing, merely as the 
bams of animal or vegetable colouring matters, these 
hst, by combining with its particles, lessen their dis- 
position to attract oxygene, and by keeping them fiur- 
ther asunder, so fiu* prevent their concretion, as in a 
considerable degree to obviate the rottenness in ques- 
tion; though there is but too much reason to fear, that 
even in this way, stuft dyed with a ferruginous basis or 
mordant, are less durable from that circumstance; and 
it probably is from the use of this metal, that the rot- 
tenness so generally complained of, as accompanying 
the black dye, principally results. 

But in this place I am only to notice the use of iron, 
as affording substantive colours; and for these, its use 
is confined to linens and cottons, to which its oxide is 
very frequently applied, topically, in calico printing, to 
produce partial buff, or rusty yellow, stains or figures, 
and, in general dyeing, to produce imitations of the 
nankin brown, as well as a considerable varied of buff 
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odours; for all which purposes, the solutions of iron hj 
vegetable acids are jM^ferred, as being least corrosive, 
and therefore least hurtful to the fibres of linen and 
cotton* 

Among the vegetable acids, that of vinegar, or alegar^ 
was for a long time almost exclusively employed to dis- 
solve iron, and make that preparation which has been 
commonly denominated iron liquor (acetite of iron). 
But, within a few years, another ackl has been very fre« 
quently substituted for the former; viz. the pyroligneous, 
distilled from wood. M« Chaptal justly considers this as 
being truly an acetic acid, in combination with a portion 
of empyreumatic oil, which, instead of diminishing, in- 
creases its utility for most of the purposes of dyeing, 
and especially for that of dissolving iron;* and when so 
dissolved, its oxide may be obtained at different degrees 
of oxidation, but its union with the fibres of linen and 
cotton, and the colours thence resulting, are most per- 
manent when the oxidation is greatest. M. Chaptal has 
however discovered, that the various buff, and the imi* 
tations of nankin colours, may be greatly improved by 

• u Get acide,'* says M. Chaptal, '< eat pr6f<^r6 au vioidgre pour 
tous lea usages de la teinture et de I'impreasion sur toile: il porte 
aTec.lui une huile qui forme un excellent mordant pour les toiles 
de lin et de coton, et d6ji il remplace Tacide ac6tique dans les tein- 
tures, oil 11 sert a composer ce qu*oD appelle le botdllon noivy ou le 
mordant pour les nmrs, les violets, les pruncaux, les lilas, les nan- 
kins, etc. Les oouleurs porttes sur ce moixlant sont plus nourries, 
l^lus vives, et beaucoup plus fixes, que celles que produit Tac^tate 
ordinaire de fer/' Chim. appliqu6e aux Aru, tom. iii. p. 169. He 
adds, in the next page, *< Lorsqu'on veut employer aux usages de 
la teinture Tacide ac^dque provenant de la distillation, il est inutile, 
il seroit mtoe prijudiciable ft ses propri6t6s, de lui enlever Thuile 
qu^ tient en disaohilion/* 

The pyrdigneous acid is dark-coloured, and exhales an empy- 
reumatic odour. 
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qmbming the oxide of iron with aiumne^ or thfc earth 
of alum; and for ttus purpose he first impregnates the 
cotton with the oxide of iron, by working it sufficiently 
and equally in a sdution of that metal by the pyroUg- 
neous, or other vegetable acids, or, in default of these, 
in a solution of the sulphate of iron, marking thrr^e de- 
grees on the areometre of Beaum6, and, after wringing 
it properly, plunges the cotton mmet&atdy into a scduw 
lution of potash marking two degrees, with which a sa* 
turated sdution of aluip has been just mixed, but so as 
nai to precipitate the alumine. By this last mixture, the 
colour of the oxide of iron is considerably raised, and 
it also acquires an agreeable, smooth, even, and soft ap- 
pearance like velvet, which could never be produced 
with the oxide of iron unmixed; ^it has moreover the 
advantage of preserving the fibres of cotton from injury 
by the solution of iron: after being thus iminersed five 
or six hours, the cotton is to be properly wrung, washed, 
and dried; and by the last part of this operation, it mli 
generally become deeper, from »i accession of oxy- 
gene. M. Chaptal dtstingui^es the varieties of colour 
dyed in this way, by the names of *' nankin, chamois, 
noisette, et rouill6." Ann. de Chim. torn. S}& p. 270. 

The application of potash conjointly with an oxide of 
iron, but without alum^ for dyeing the colours before 
mentioned, has been practised, particularly at Man- 
chester, for almost half a century, ^ut for this puirposie 
a solution of iron by aqualbrtb was commonly employ- 
ed, though injudiciously, as it certainly contributed 
more than any other, to hurt the fibres of the linen or 
cotton dyed therewith.^ All these colours, ttiough in 

^ * In the Transactbns of the Dublin Society, toI. L part 1, may 
be found an acoount of << a process for dyeing a nankin coloar," by 
Mr. Richard Brewer. The colour is produced by an oxide of iron; » 



other respects very durable, are liable to be spotted, 
and made Uack by being accidentally wetted with a 
little tea, or with the juices, or infusions of a great 
number of vegetable, and some animal matters, which 
are capable (as w^ll be hereafter noticed) of producing 
an ink with iron. ^ 

For topical application by the pencil, or block, Hauss* 
man rccommrads Stahi's alkaHne tincture of iron, made 
by dissolving that metal in aquafortis, and adding to it 
em'bonale of potash tn ex€€Uj sufficient to decompose 
and re-Asadve the nitrous oxide of iron; and afterwards 
diickening the solution with gum, &c. as usual. Com- 
monly, however^ a solution of iron by some of the vege- 
table acids (calfed iron liquor) is employed for this pur- 
pose, adding to it a portion of sulphate of iron, to 
increase its strength, when very full and deep stains are 
required. 

Iron dissolved by muriatic acid, assumes a greenish 
colour, and the sdution being applied to linen or cotton, 
the oxide adheres permanently; and, by an accession of 
oxygene, affords a Jme yeUvw stain. A single washing 
will however so far affect the proportions on which this 
colour depends as to reduce it to the common iron- 
mould cc^ur. 

Copper. 
Only two oxide$9 or compounds of this metal with 
oxygon?, are known to exist; one of these, naturaUy 
formcdi is distinguished by the name of ruby copper 
ore* Its colour is a d^irk or brownish red; though the 
^iicial imiu^tions of it h^^ve, I believe, never risen 
much £|bov9 an orwgc colour. This native oxide is 

and the process consists of eight troublesome and expensive opera- 
tions, which do not seem to be compensated by any adequate ad^ 
▼antag^. 
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supposed to contain about eleven per cent, of oxygene; 



but neither it, nor any artificial imitation of it, has yet^ 
as I believe, been employed for a substantive colour io 
dyeings or calico printing. I, however, very recently and 
unexpectedly produced, and fixed permanentfy upon 
calico, a brownish red oxide of copper, very nearly re- 
sembling the ruby copper ore in colour. It has with- 
stood repeated washings with soap, and six weeks ex-* 
posure to the weather, without alteration; and may, I 
think, prove useful, by simple topical application, in 
calico printing; but in this instance, it was the result of 
a complicated mixture, made for another purpose, and 
I have not yet had time to simfdify the process suffi- 
ciently.^ When I shall have done so, I intend to make 
it public. In appearance it resembles another very per- 
manent colour, which I discovered twenty years ago* I 
mean the red prussiatc of copper, to be mentioned here- 
after. 

The other oxide of copper is supposed to contain 
about twenty per cent, of oxygene; but it has ncv^ , 
I believe, been employed for dyeing or calico printing. 

The green colour exhibited by most of the prepara- 
tions of copper, commcmly results fix>m the absorpticm^ 
or addition of carbonic acid, for which the oxides of 
copper have a marked affinity; it may be (MXMluced also 
by the admixture of muriatic and tsome other acids* 
There is however, I believe, none of the acid green 
solutions of copper or its oxides, which after being ap- 
.plied simply to cotton or linen will be»r to be washed 
with soap, diougfa their colours generally withstand the 
impressions of sun and air for a considerable time. But 
if liquid ammonia be saturated with copper, and thick- 
ened with gum, it may, by simple topical application, 
be fixed upon linen or cotton, where, by an evaporation 
of a part at least of the volatile alkali, and an abs(»ptiQR> 
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probably, of both oxygene and carbonic acid, its blue 
colour will be changed to a green resembling that of 
verdigriie^ or rather diat of the malachite, which will 
very sufficiendy resist the impressions of* sun and air, 
and bear a considerable number of washings with soap 
without being much weakened thereby. It may, there- 
fere, be usefully employed in this way, especiidly upon 
fine tmuSnSf by reason of the great delicacy of its co« 
lour, and the faciUty of its application. I have several 
times thought that an effect somewhat better had result- 
ed/ when, instead of dissolving the copper by ammonia, 
I combined the latter with a nitrate of that metal. Ver- 
digrise dissolved by ammonia, also produces good ef* 
fects used in this manner. A sAmilar beautiful, though 
pale green, may be substantively dyed upon woollen 
cloth, by the sulphate of copper with a sufficient por- 
tion of carbonate of lime, to neutralize the acid. This 
colour will not indeed bear the action of soap, but it 
does not appear to suffer any considerable change or 
diminution, by the impressions of sun and air for a long 
time. 

The oxides vind solutions of copper are all suscepti- 
ble of combination with most of the adjective colouring 
matters, and may be usefully employed, as mordants or 
bases with some of them, which will be duly noticed 
hereafter. 

Gold. 
When this metal is dissolved in nitro-muriatic acid, 
die result, as Proust has observed, seems to be a pure 
and simple muriate of gold: and when beaten into leaves, 
and burnt by electricity, or calcined by the sun's rays, 
concentrated and reflected by a burning mirror, it affords ' 
a purple oxide: . and this it also does when precipitated 
from aqua-regia by the muriate of tin. In this last opera^ 
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tion« as nt'ell as in the former, the purple colour dc^nds 
entirely upon the oxide of gold; tlut of tin, thodgh 
combined with it, beii^ colourless. This precipitate has 
been called the purple of Cassius, though improperly^ 
because it was known to earlier chemists, particularly 
Neri, Obubet, and KunkeL The supposed oxides, or 
precipitates <rf gold, obtained by mixing either of th6 
dkalies, or lime or mi^^nesia with a solution of gold, 
are ydlow; but such precipitates appear (as Davy hai 
c^»errtd) to be triple compounds. Having soaked 
mtnlin in a diluted solution of gold by aqua regia, ft>r 
a smgle ntmute, I exposed it whilst n^et to the dkect 
rays of the ^un in the month of September, vtA found, 
in less than a quarter of an hour, that the fine yellow 
colour which it had received from the muriate of gold, 
was become partially xnotety exceptfaig only a few round 
spots, to which I had previously apfdied a solution of 
crystals of soda thickened with gum; in these spots (he 
alkali haid neutralixed the acid, and produced a colour 
resembling that of bright iron-mould, upon which the 
rays of the sun made no impression, or change; die 
violet colour, so produced, soon became general, Ex- 
cepting the spots last mentioned; and, by a further ex- 
posure to the sun's rays, thb colour was gradually red- 
dened, and converted to a sort of crhnson purple, in 
consequence, as I presume, of a farther de-oxygenation 
of the metal, which, from this progressive change of 
colour, appears to be susceptible of different degrees of 
oxidizement. A similar change was produced, much 
more expeditiously, when I applied a recendy-prepared 
muriate of tin to cotton, impregnated with a solution of 
gold in aqua*regia, and dried in the dark; an abstraction 
of oxygene, and a partial revival of the gold, having 
been almost instantaneously manifested, by the appear- 
uice of a violet colour, where the muriate of tin had 
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It^en applied, and in no other part. Count Rumford, 
also, (as is stated in the Phil. Trans, for 1798,) produc- 
ed a purfde colour by impregnating white silk, linen, 
and cotton, with a solution of gold, and exposing them 
to the direct rays of the sun, but he had previously 
separated a great part of the mtro^muriatic acid, employ- 
ed to dissolve the gdd, by evaporating the solution to 
dryness, and afterwards re-dissolving the oxide, or salt 
of gold, in water; a precaution which I did not emfdoy. 
He found, (as I have done) that no change of colour 
took place in the dark; but here it must be observed, that 
be made no trial of the deoxygenating power of the 
muriate of tin, which» when eqfiployed by roe, readily 
produced the violet colour without the aid of light.^ 

Antecedently, however, to count Rumford's experi- 
ments, Mrs. Fulhame (in an e^say on combustion, pub- 
lished in 1794) had given an account of several ingeni- 
ous ^ attempts not only to fix the oxides of gold upon 
silk, but to revive the gold afterwards with its metallic 
lustre^ principally by the applicatipn of hydrogene gas, 
and phosphuretted hydrogene, which in some degree 
produced the desired effect, though it was found impos- 
sible to make the revivification so generally equal, as to 
produce that uniformity of gilding, which could alone 
compensate the expen9e of it 

* More than half a century ago, Hellot had observed that charac- 
ters traced on writing-paper with a diluted nitix>-muriate of gold 
began, after a few hours exposure to the atr, (he should have said 
Sghtj) to manifest colour, and soon after became of a very dark 
violet— << violet fonc6 presque noir." But when shut up in a close 
box, be says, the writing did not become visible during several 
months. And he adds, that the like happened to characters written 
with a diluted nitrate of silver, though they became very visible in. 
in the space of hour when exposed to the sun's rays. See M6m. de, 
I'Acad. R. 8cc. 1737. 

Vol- I. . 2 H 
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In cMsequetice of Mrs. Fulhame^s publication, count 
Kumford attempted a more complete revival of gold, by 
mixing with his aquteus sotntion of its sdt t^fohif 
mentioned) snlfAtiric ether, which sbon attiteted AtA 
miited itself with die gold, swimtning opon the sxafBLOlt 
and- leaving the water colourless: and this mixture being; 
afielwards exposed to the rays of die sun, the mfctal 
soon revived in the form of gold leaf. 

Such a mixture of sulphuric ether and the sah of gold 
has lately been found useful to gild ihefomis of lancets^ 
and protect them from rust; and if the expense be not 
too great, I atti persuaded that white silks might be pre- 
manently gilt with it, m spots or figures, for which a 
perfect equality in the metallic appearance df the gold 
would not be required. 

That precipitate of gold by tin, which has been com- 
monly called the purple of Cassius, was soon lifter its 
discovery combined with glass to imitate Rubies^ which 
it did perfectly, at least in their appearance, though not 
in their hardness; and in later times, this precipitate has 
been generally employed as a finer sort of enamd for 
porcelain, &c. By varying the proportions of tin, or 
rather of its sdution, the colours of this precipitate may 
be varied through all the intervenbg diades firom vi<riet 
to crimson; and the precipitate, with all its various co- 
lours, may be permanently fixed as a stain or dye upon 
silk, linen, or cotton, by applying to them, either the 
solution of tin first, and afterwards the solution of gold; 
or the solution of gold first, and afterwards that of the 
tin: it will be advantageous, however, to let the silk, 8tc. 
to which one solution has been applied, become dry be- 
fore the second is superadded. 

Lately Haussman has found means to produce a pur- 
ple mixture of tin and gold, without any preeipitatianj 



by dissolving the metals with a great excess of the acids; 
which excess retains the oacides, suspended in the water, 
notwithstaiijdiBg their union, and such a partial df Qxy- 
genalion of the gold, as is necessary to its violet cplout. 

In this purple liquor diluted, silk nuiy, as he says, be 
made to receive the most durable colours, by repeated 
immersions^ Sec. which are, as I prewmc, necessary, by 
reason of the redundant acidity of the liquor. I do m^ 
however, think that any benefit can re^iult from thus ap* 
plying the sohitions of these metals mw^/, and i^ the 
same iimeSf rather than s^patmtfly; f^r in the la^tfir wiqr 
two immersions will be suScient: and it is to bi) feavf d 
that this purple from gold, notwithstanding its gtest 
beauty and durability, will prove too ooatly fpr any thing, 
but a partial application in spots and igure^.. 

In my judgQiftnt the princip^, if not sole me of tb( 
solution (^ tin, in producing this purple, is that of ab* 
atracting oxygene from the gokl; an efibct which may 
be produced \xf other means. I have rq;>eatedly found, 
that when a solution of gold in aqua-regia was ap^litd 
to, a|id suffered to remain upon my fingers, they receive 
ar purple stain which nothing couki remove, but aii abra- 
sion or wearing off of the skin; and I have praduped a 
aimifar e&Gi from a solution of gold apfdied to sWb^, 
cotton^ and |inm, previously impregnated with, mfrtftii^ 
soiled (in like manner) toabstmat onygeoe; sueh M Wr 
mal gitie, linseed chI, oaaistic alkalies, yoUcji and whites 
of e|^ beat up ^ith sugar, or with orpimept, alkaline 
sulphuueta, ^c. &a; afid,.csteria pfttibiis, I have fiamid 
that the nsdve the oxide of gold was d(;piived of oxygene, 
the more its celouf appuoached to the cramsto. 
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Siher. 

The colours to be obtained subsiantmefy frovfi tlic 
metalsy excepting those of iron and copper, chiefly de* 
pend upon a partial revival of the metal; which revival 
cannot take place, without its abstraction or separation 
from the acid by which it has been dissolved; and to 
promote this abstraction, it is convenient and sometimes 
necessary to imfH^^ate the linen or cotton intended to 
be dyed or stained, with some of the animal, alkaline, 
and deoxygenating substances just mentioned, as oon- 
tributing to precipitate md pardy revive the oxide of 
gold. 

This observation is particularly ap{^cable to the ox- 
ide of silver, which is properly of an dive^brown colour, 
but is rendered almost black by being deprived of a 
part of its oxygene, and thereby in some degree resto* 
red to its metallic form. The powerful efficiency of the 
sun's rays in the deoxygenation of silver has been al- 
ready noticed at p. 40. 

Leuwenhoek mentions (Philosoph. Transactions, voL 
xxiv.), that by touching nitrate of silver, his fingers 
were stained black; and that, finding it impossible other- 
vrise to remove tfaie stain, he cut off and burnt the 
skin, and then examining it by a microsc(^, he found 
the ttlver revived in a multitude of little. globules.— *^^ I 
^^ have lying on my desk (continues he), a linen hand- 
^' kerchief, which was stained with aqua-fortis, impreg- 
*^nated with silv^, with a large black q>ot about as 
*^ large as a shilling;" and he adds, that having ineffiH^- 
tually tried to dbcharge the colour by -six washings, and 
by laying the handkerchief out to bleach, he cut out the 
stained part, burnt it to coal, and viewing it by a micro- 
scope, saw thousands of fine silver globules therein. The 
effect here mentioned to have been produced upon the 
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skin, accords with that which solutions of silver are 
known to produce in blackening hair, and other animal 
substances; but in reading this account, I though it ex- 
traordinary that clean linen, impregnated with no animal, 
inflammable, or alkaline matter, should so far deprive 
nitrate of silver of its acid, as to produce the effect des- 
cribed; and I repeated the experiment several times 
without success. At length, however, I took a silver 
tea-spoon, which had stood half filled with aqua-fortis 
for several weeks, and which on the hoUow inside was 
become almost black by it, and by the oxygene of at- 
mosphere which it had attracted, and having poured out 
the more fluid part of the solution, I rubbed a bit of 
cambric against the wet oxidated hollow surface, and 
hanging it up for a few days in the open air, on the south 
side of a wall, I found the cambric permanently stained of 
a very dark violet colour. A fine piece of cotton, however, 
by the same means received only a very slight discolo- 
ration. But cotton^ when impregnated with soda and the 
acidulous arseniate of potash, acquired a strong durable 
slate colour by being touched with diluted nitrate of 
silver; a drab colour by the same means, when impreg- 
nated with soda and sugar; a dark olive brown, with 
sulphuret of potash (liver of sulphur), and spirit of wine; 
and the like with soda, liver of sulphur, and sugar; and 
being impregnated with white of egg, beat up in water 
with sugar, the cotton received from the nitrate of silver 
a very strong brownish black; and when caustic vege- 
table idkali was added, it became a little blacker. The 
yolk, instead of the white of egg, produced nearly the 
same effect. All these colours were often washed, and 
exposed for a long time to the weather, without being 
changed.^ 

* During the last twenty years an ink has been sold, and exlen- 
sirely nscd for marking linen, &c. whiclji it docs fiermapentiyy by 
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Mercury. 
Tbe oxides of mercury very easily give up their oxy- 
gene, and are, therefore, readily precipitated by the 
means bef(»^ mentioned, upon vegetable as well as ani- 
mal substances, affording geneially either black or dark 
colours, though of but little permaoencgr, because the 
residue of their oxygene soon separates, and the mercury 
recovers its fluid metallic form. Nitrate of mercury ap- 
plied to cotton, whiph had been impregnated with soda, 
produced at first a yellow, which soon changed to an 
olive, and being washed with soap, to a full black coloun 
but after a few days exposure in the open air, it almost 
entirely disappeared. On cotton, impregnated with soda 
and sulpburet of potash, it immediately produced a 
Uack, which, by washing and exposure in open air, 
changed in about ten days to an olive, and soon after 
disappeared. On cotton, impregnated with sulphuiet of 

means similar to those just mentioned. To prepare tikis iaki a white 
precipitate of pure silver is procured, by dissolving that metal ia ni- 
tric acid, and afterwards separating it from its alloy y by suspending in 
the solution, a thin slip of copper, which by its greater affinity for 
the acid, throws down the silver in the form of a white powder, which 
powder being afterwards mixed with an aqueous iolatioii of white 
glue and gum arable, forms the ink. But to render this preparation 
effectual, the linen, 8cc. to which it is applied by the /ken, must hare pre- 
viously received an impregnation like some of those which I have re- 
cently described, though they are, in this^ rendered less necessary, be- 
cause the precipitate of silver retalnB but a small proportion qF acid, 
as is manifested by its want of sohthility in water^ which makea it 
expedient to shake the mixture as often as it is used. The ii|ipre|;iM- 
tion most commonly employed seems to consist of isinglass, and 
white animal glue dissolved in spirit of wine, which being applied 
to the part intended to be marked, is suffered to dry; after which 
it is fit to be written upon with what is called the ink. Additional 
means havesometimes been employed to increase the blacki^esf.of 
the latter, but their effect will not last. 
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IHita^h aiid spirit of wine, it also produced d black, which 
disappeared like the former; and with caustic vegetable 
alkali it produced nearly the same effect. With o^piment, 
dissolved by potash, it produced a very deep blaek^ whictt 
stood two or three weeks exposure to the weather; after 
which the mercury began to revive, in very small glo- 
bules, and the colour to disappear in spots.* 

Pktina. 

This metal was first discovered at Choco and Sautai 
F6, in South America, and was not known to exist na- 
turally in any other place, until Vauquehn lately detected 
it among the grey silver ores of Guadalcanal in Estrt- 
madura; and more recently Dr. WoUaston has examined 
and described a small specimen, which had b^eil found 
in Brazil, intei*mixed with-palladitihl. See PhlL Tmris* 
1809. 

Proust says, the result of a solution of platiha in the 
nitro-muriatic acid, is (like that of gbld sio dissolved) a 
pure and simple muriate. 

The oxide of platina, at the maximum Of oxygenation, 
is of a yellowish brown colour; but when heated and 
deprived of about one half of this portion of oxygene, 
it becomes green. 

* I have now before me some very black writing i^n calico, 
which states itaelf to have been written with a solution of nitrate 
of quicksilver, upon calico impregnated by a mixture of soda, liver 
of sulphur, and sugar, in water: seventeen years have elapsed since 
this writing was performed^ and there is no appearance of that re^ 
vi!p{fkati(mol the lAercury, which 1 had experienced when it was 
used upon csdico with impregnations differing but little from that 
last mentioned. 

Professor Gmelin of Gottingcn, in his publication, << de tingendo 
per nitri acidum,*' Sec. mentions the staining of silk with a cafitier 
colour by mercury,- dissolved in nitric acid. 
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Having immersed a bit of fine calico in a diluted so- 
lution of platina, by oitro-muiiatic acid, it acquired a 
yellowish orange colour, and this being afterwards dried, 
I dipped it into a diluted solution of tin by muriatic acid, 
to see what effi^t would result fjtnu an abstraction of 
oxygene (which I expected) by the latter; and to my 
surprise, I saw the colour instantaneously changed ta 
that of arterial blood. This calico being afterwards 
dried and washed with soap, its beautiful red was there- 
by made to incline very much to a bright full orange 
ecdour, which did not change by subsequent washings, 
and seems to be permanently fixed. Though somewhat 
cosdy, it probably may be susceptible ci wme useful 
api^cation to fine muslins in calico [Hinting. In the 
production of this colour, the solution of tin seems to 
act as it does in producing a purple with gold. 

The solution of platina (without that of tin) being 
applied to calico, produced a yellow colour, which, 
when washed, seemed to be permanent, though it was 
afierwaids raised to a bright high orange, by applying 
to it the solution of tin last mentioned* 

The same solution of platina, being applied to calico, 
which had been soaked in a prussiate^of lime, produced 
a brown colour, which, by washing with soap, became 
a dark violet, which seems to be permanently fixed. 
Similar effects were afterwards produced by the prus- 
siate of potash. 

Other pieces of calico impregnated severally with 
sulphuret of potash; with soda, and the acidulous ar- 
seniate of potash; with orpiment dissolved by liquid 
potash; with liver of sulphur and alcohol; and with Unt- 
seed oil; and afterwards soaked in the before-mentioned 
solution of platina diluted, acquired different shades of 
purple, olive, and brown colours, which, when washed 
with soap, appeared to be permanently fixed. 
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Mangtfnese* 
The great variety and mutability of colours afibrded 
to water, in different proportions, and of different tem- 
peratures, by manganese in combination with potash, 
was long since observed by Glauber, as is noticed at 
page 13 of this volume. Whether the alkaline solutions 
of this oxide are capable of being usefully employed to 
dye substantive colours, I am unable to decide; my ex- 
periments therewith having been too few. I have found, 
however, that a considerable variety of lasting brown, 
or dark-coloured stains, may be produced upon bits of 
linen and cotton, which have previously and severally 
received the different impregnations before mentioned, 
by applying to them a diluted sulphate of manganese; 
and without any such impregnation, « if the latter be 
applied to linens or cottons, and they be afterwards 
dipped into a weak solution of potash or soda, a yel- 
lowish brown colour will be produced; and this, by 
attracting oxygene, will gradually change to a dark^ and 
ven/ durable brown. But if to this otherwise lasting dark 
colour, a solution of tin by muriatic acid be applied, it 
will restore the former yellowish brown, by causing an 
abstraction of oxygene from the manganese; though the 
latter by its affinity for oxygene will afterwards repair 
this loss J and by doing so will restore the former dark 
brown colour. 

Cobalt. 

The nitrate of cobalt may be decomposed by liquid 
potash, and it will then afford a blue precipitate, which 
if secluded from atmospheric air will become violet^ and 
afterwards red. 

Nitrate of cobalt applied to cotton, impregnated with 

Voi. I. 2 I 
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soda, with soda and acidulous arseniate of potash, and 
with caustic vegetable alkali, produced lively pink and 
rose colours, which stood washing and exposure to wea- 
ther for a considerable time. 

The oxide of cobalt, dissolved by muriatic acid, and 
applied to cotton impregnated with soda« when held t6 
the fire, exhibited the most beautiful green, which, as 
the cotton cooled, changed to an apple-green; then 
passed through all the shades of yellow, and became 
a kind of pale buff colour, which the oxide retained 
after the cotton had been washed with soap; but then 
on being heated, it was found to have lost the property 
of becoming green, though on dipping it into a diluted 
muriatic acid, it immediately regained and exhibited 
the same property. These effects are connected widi 
those which similar solutions of cobalt produce as sym- 
pathetic inks; though I confess myself dissatisfied with^ 
all the explanations hitherto given of them. The pre- 
sence of muriatic acid is essential to their existence, the 
nitrate of cobalt producing no such phenomenon;* nor 
did I find that the presence or absence of light had any 
effect in retarding or promoting any of the changes of 
colour here mentioned. 

* Having lately soaked a bit of calico in a diluted nitrate of cobalt, 
it exhibited a pale rose colour, when dried. To the calico so coloured 
I applied a solution of tin bj muriatic acid, in «/ko/«, and afterwards 
holding the calico to the fire, I soon observed that these spots were 
all of a most beautiful blueish greeny whilst every other part retained 
its rose colour. By removing the calico from the fire, and^letting 
it cool, the spots again became rose-coloured. Having afterwards 
rinced the calico in water, the parts which had been spotted lost the 
power of becoming green when heatedi but by wetting them with 
muriatic acid, they regained this power, a proof that this acid, and 
not the tin dissolved by it, had, in the first instance, enabled the fire 
to produce the bluebh green colour. 
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Nickel. 

If this metal be dissolved by nitric acid, the soIutioQ 
may be decomposed by potadi, and a grass-green hy* 
dntted oxide will be thereby obtained. By impregnating 
calico with a mixture of soda and sugar, and immersing 
it in a diluted solution of nickel by the nitric acid, t 
similar green was produced on the calico; but it did 
not prove sufficiently durable, to be employed in dyeing 
or calico-printing. 

Molybdena, titanium, palladium, and osmium, afford 
coloured oxides of considerable beauty and variety, 
which probably might be applied and fixed upon silk, 
linen, and cotton, were not these metals too scarce and 
cosdy, especially the latter, for this use. 

Berthollet has mentioned, (Ann. de Chimie, tom. i.) 
that the simple mixture of an oxide of lead with lime, 
will blacken wool, hair. Sec; and that some persons have 
used it to render grey hairs black. Wishing to ascertain 
its effect in dyeing, I boiled flannel in lime-water with 
litharge, which produced a tolerable black upon the 
flannel; and this black was not diminished by washing 
die flannel with soap, and exposing it for the usual time 
to the weather: strong acids, however, dissolved the lead, 
and discharged the colour: and the lime was found to 
have weakened the texture of the flannel considerably, 
and more especially when orpiment was added; an effect 
similar to that which it produces in those depilatory com- 
positions which were brought to Europe from Turkey. 

Perhaps my readers may think, that many of the pre- 
ceding experiments are such as the great Bacon (Lord 
Verulam) has termed " experiments of light rather than 
ofjhnt " But such experiments are not to be neglected 
in a work which professes to treat of the Pkdosophy of 
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Cokmrs, thoagfa tbej should not be susoqitible of any 
considerable practical advantage, or application. 

With this observation^ I finish my account of sob- 
stmtive colouring matters. They claimed my eariiesi 
noticey because their properties and modes of applica* 
tion'are generally the most simple and intelligible; and 
because some d them, particulariy the oxides of metals^ 
may also be made to serve as the bases of adjective 
cdoursy which will become ibc subject ot our next 
inquiries. 
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CHAPTER I. 

Of Adjective Colours generally j and their bases; with an 
illustration of their effects upon each other ^ as exem- 
plified by Oriental and European caHco-printing* 

<*Les faitB tont de toot Ics tempi, ib aoiit immuablet, comroe Ut nature doat iU tout 
'^le Imgage; mais let eooa^quenees doiTent raiier aelon Tdtat des ooiuioissanoes 
<*aeqiuaet." Ckiptai, EUmena de Cfumie, 

Adjective colouring matters arc generally soluble, 
in a g^eat degree at least, by water; though some of 
them derive their solubility from an intermixture of 
what has been called extractive matter; which being 
separated in the dyeing process, after the adjective co* 
lour has been applied to the dyed substance, their union 
becomes thereby more intimate and permanent. But in 
other respects, adjective colours owe their durability, 
as well as their lustre, to the interposition of some 
earthy or metallic basis; which, having a considerable 
attraction, both for the colouring matter and the stuff 
to be dyed, serves as a bond of union between them, 
and obviates that disposition to suffer decomposition 
and decay, which naturally belongs to such colouring 
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matters when uncombined. These earthy and metallic 
bases, having bden commonly employed in a state of 
solution or combination with acids, were from that cir- 
cumstance denominated mordants (biters or corroders) 
by the French, who, indeed, began to employ the term 
long before any thiqg like a true theory of dyeing had 
been conceived; whilst even alum was supposed to act 
by its sulphuric acid, and not by the pure clay upon 
which its usefulness depends, and whilst in truth all the 
other matters called mordants were supposed to be use* 
ful only by their solvent or corroding powers; and the 
term, having been thus employed, has been since adopt* 
ed in other countries* The ingenious Mr. Henry, of 
Manchester, has, however, lately objected to it, with 
great reason,* and proposed in its stead to employ the 
term basis^ which seems defective only, inasmuch as it 
does not express the particular affinity^ or power of, at-- 
traction^ manifestly subsisting between these earthy and 
metallic substances, and the several adjective colouring 
matters, as well as between the former and the fibres of 
wool, silk, cotton, &c. I confess, however, that no other 
more suitable term has occurred to me; and being un- 
willing to propose new terms, without some cogent rea- 
son, I shall sometimes employ that of mordant as well 
as that of basis; though not indiscriminately in all cases; 
since I shall generally use the former to signify earthy 
and metallic substances when actually dissolved by some 
acid, alkaline, or other solvent, and when of course they 
will commonly prove more or less corroding or biting, 
according to the original meaning of the term. But the 
denomination of basis will be most frequently used to 
designate the same earthy and metallic substances, dis- 

* See his << Considerations relative to the nature of Wool, Silk, 
and Cotton, as objects of the Art of Dyeing, &c/' in the third ^ol. 
of the Memoirs of the Manchester Society. 
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Unctly and separately from any acid or other solvent, 
when actually fixed in the pores or fibres of wool, silk^ 
&c. or when it is not intended to notice any property 
in them, which may more imn^diately result from their 
comtmiations with any particular menstruum. M. Ber« 
tiioliet, indeed, g^ves the term mordant a much more 
extensive signification, as meaning all the different che* 
mical agents capable of serving as intermedia between 
the several colouring particles and the stuffs so dyed 
with them, either for the purpose of assisting their 
union, or of modifying it.* This last effect (of modifi** 
cation) may, however, be produced by a variety of mat- 
ters besides those which are of the earthy or metallic 
kinds, and indeed by every thing capable, not of fixing, 
but of merely varying, the shades of adjective colouring 
matters. These, therefore, I think it more proper to de* 
tignate, not as mordants or bases, but as alterantSif 
whose use and application may in this respect be ex- 
tended to substantive as well as to adjective colours. 

The bases pre-emmently useful with adjective co- 
lours, are tlie earth of alum, and the oxides of tin and 
iron, held or applied in solution by an acid menstruum; 
and, excepting the process for dyeing black upon wool- 
lens and silks, it is generally deemed most advantageous 
to combine these bases first, and separately, with the 
stufls to be dyed, superadding the colouring matters 
afterwards; because the affinity or attraction of the basis, 
is commonly greater for the latter, than for either wool, 

* *<L'on d<mne le nom de nrardant auz substances qui servent 
d'intenn^des eiure les parties colorantes et les ^tofifes que I'on 
teint, soit pour &ciliter leur combinaison, soit pour la modifier." 
EUment dc VArt de la Teinture^^ torn. i. p. 26, of the first edition. 

f M. Berthollet, in his laat edition, torn. i. p. 71, has adopted the 
term of MeranUy and employed it in the vray which I had sug- 
^sted, as aboTe, in mf first publication. 
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silk, cotton, or linen; particularly that of the earth of 
alum, which, when applied subsequently to, and upon 
,the colouring matter, forms with it a kind of lake, by 
which their respective affinities are in a great degree 
exerted towards, ^d saturated by each other; and the 
size of their particles being thereby increased, they do 
not penetrate copiously into, nor combine intimately 
with the fibres of wool, silk, 8cc.; but remain in a great 
degree suspended in the dyeing liquor, or precipitated 
to the bottom of it. But by combining the basis pre- 
viousfyj and separately, with the stuff to be dyed, and 
afterwards applying the colouring matter, this last, when 
so Implied, is powerfully attracted by the conjoined affi- 
nities of the former, so that the dyeing liquor may be 
completely exhausted, and made colourless thereby. 

It must, however, be noticed in regard to wooly that 
by reason of its greater attraction for metallic oxides, 
they may, without any considerable disadvantage, be 
applied to it, in conjunction with adjective colouring 
matters, as will be mentioned in regard to the dyeing of 
scarlet and some other colours. It ought also to be ob- 
served, that when colours are dyed upon wool, silk, &c. 
by the aid of an aluminous or metallic basis, the colour 
is applied, or dyed more immediately upon the latter, 
than upon the wool or silk, &c. as will be made evident 
hereafter. The durability therefore of an adjective colour 
must depend, not only on the natural stability of the 
colouring matter, but also upon the energy of its affini- 
ties, both for the stuff which is dyed, and for the basis 
or intermedium upon which it is immediately applied, 
and which, by its own peculiar attractions, binds them 
to each other. 

The true nature and uses of mordants or bases, for 
the purposes under consideration, can, I believe, in no 
way be so distinctly manifested, or so clearly illustrated, 
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as by their effects in what I shall call topical dyeing, or 
that species of it by which different colours are com- 
municated to particular spots or figures on the same 
piece of cotton or linen, according to the several bases 
previously applied thereto, and which principally c(hi« 
stitutes that truly wonderful art, the art of calico-print- 
ing. I shall, therefore, in this place, bring under my 
reader's notice some of the more important operations 
of that art, reverting at the same time, as far as we can, 
towards its remote origin, in order to see how, and by 
what means, it has attained its most important improve- 
ments. 

Pliny describes the Egyptians as practising a species 
of topical dyeing, or calico-printing, which, as far as can 
be discovered from his general terms, appears to have 
been similar to that which, many ages after, was found 
to exist in Hindostan and other parts of India, and was 
from thence introduced into this and other countries of 
Europe. He says, the Egyptians began by painting or 
drawing on white cloths, (doubtless linen or cotton,) 
with certain drugs, which in themselves possessed no 
colour, but had the property of attracting or abswbing 
colouring matters. After which, these cloths were im- 
mersed in a heated dyeing liquor; and though they were 
colourless before, and though this dyeing liquor was of 
one uniform colour, yet when taken out of it soon after, 
they were found to be wonderfully tinged of different 
colours, according to the different natures of the several 
drugs which had been applied to their different parts; 
that these colours, so wonderfully produced from a tinc- 
ture of only one colour, could not be afterwards dis- 
charged by washing; and he considers it as admirable, 
that the dyeing liquor, which, if cloths of different co- 
lours had been put into it, would have confounded them 

Vol. I. 2K 
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all^ should thus produce and pemuuientljr fix several 
edours, being itself only of oatJ^ 

Whether die Egyptians borrowed this wonderMart 
jrom the Hindoos and other inhabituts of India, or 
whether the latter borrowed it fixmi the Egyptians, is a 
qnesdon which probably may be answered without 
much difficulty, if we consider the many reasons which 
exbt for believing that this art has been [nactiaed over 
a great [Mut of India during a long sucoesdon of ages; 
that not only the art itself subsisted there, but that the 
colouring and odier materials for exercising it, were the 
natural and peculiar productions of that country, rather 
dian of Egypt; that the Indians were highly civilized at 
least twenty •two centuries ago, during which space of 
time their manners, sanctified (if I may so express my- 
self) by being connected to their religion, suffered Utde, 
perhaps no change; that their trades were carefuUy per- 
petuated in particular fiimilies; and also that among these 
their manufactures were undoubtedly of very great anti- 
quity, whilst obvious ways, by which they might have 
been easily extended to Egypt, and other countries, 
undoubtedly existed long before the time when Pliny 
wrote. 

Major RenneU observes, that *' a passion for Indian 
** manufactures and products has actuated the people 
*' of every age, in lower Asia, as well as in the civilised 

* « Pinguiit et Testes in ^gypto inter panca xnirabill geoere, 
*^ Candida vela postequam attrivere illinentcs dod coloribus, sed co- 
<< lorem sorbentibus medicamentis: hoc cum fecere, non apparet in 
<< velis: sed in cortinam pig^enti ferrentis meraa^ post momentom 
^ extrahuntur {Mcta. Mirumque, cum sit unus in cortina color, ex 
<< IDo alios atque alius fit in Teste, accipientis medicaxnenti qualitate 
^ mutatus: nee postea ahlui potest. Ita cortina non dabid confusnra 
^' coloressi pictos acciperet, dtgeret eosex uno^pingitquedam co* 
« quit." Plikii, 1. xxxy. cap. ii. 
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^ parts of £ur<^: the delicate and unrivalled, as well 
' as the coarser and more useful fabrics of cotton of 
^ that country, particularly suiting the inhabitants of the 
^ temperate regions along the Mediterranean and £ux« 
' ine seas. To this trade (continues he) the Persian and 

* Arabian Gulfs opened an easy passage; the latter par- 
' ticularly, as the land carriage between the Red Sea 

* and the Nile, and between the Red Sea and the Me-^ 
^ diterranean, took up only a few days. It is highly pro* 
^ bable, and tradUimt m India warrants the belief of it^ 
^ that there was from time immemorial an intercourse 
^ between Egypt and Hindostan, at least the maritime 
' part of it; similarity of customs in many instances, a$ 
' related of the ancient Egyptians by Herodotus, (and 
^ which can hardly be referred ta physical causes,) ex- 

* isting in the two countries." — " It would appear, that 
^ under the Ptolemies the Egyptians extended their 
^ navigation to the extreme point of the Indian Conti-^ 
' nent, and even sailed up the Ganges to Palibothra.'* 

See Memoir and Map of Hindostan, &c. 4to. by James 
Rennell, F.R.S. 

The best accounts of the practice of ealieofniniwg* 
in the East Indies, were given in certain letters, written 
by Father Cceurdaux^ a missionary at Pondicherry, 
(published in the 26th volume of ** Recueil des Let- 
'^tresEdifiantes, &c.") with the supplemental remarks 
and corrections of Mons. Poivre; and in a manuscript 
account procured from thence by Mons. Du Fay, and 
communicated to the Royal Academy of Sciences at 
Paris, by the Abb6 Mazeas;t and also in the report 



* I here continue to use this term, though in truth none of the 
fnoidants or colouring matters, employed to stun the calicoes of 
India, were applied by engraved blocks or plates as in £urope, but 
by the pencil. 

t ^^ Recherches sur la cause physique de I'adh^rence de la cou- 
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fDade in 1735 by M. Beaulieu, (then a captain in the 
French navy), of the operations which, at the request 
of Du Fay, he caused to be performed under his envn 
inspection^ at Pondicherry, and by which a piece of 
chintz was completely printed or stained of various co- 
lours, as described in a little publication, entitled, 
<« Trait6 sur les toiles peintes, dans lequel on voit la 
maniere dont on les fabrique auz Indes," &c. From 
diese several accounts, as well as from some valuable 
private information which I have been able ta procure, 
the following concise statement has been composed, of 
the principal operations by which the chintz calicoes of 
India received the colours for which they were highly 
celebrated before the art of calico-printing had been in- 
troduced and simplified in Europe. The cotton cloths, 
when brought from the weaver, partly bleached, were 
worn next to the skin, by the dyer and his family, during 
the space of eight or ten days; after which they under- 
went several macerations in water with goat's or sheep's 
dung, accompanied by frequent intermediate beatings, 
washings, and dryings (by exposure to the sun.) After- 
wards they were soaked for some time in a mixture of the 
astringent external part of the fruit of the yellow myro- 
balan tree,^ (separated from the nut and powdered) with 

leur rcmge aux t<ule« peintes qui nous vicnnent des cdtes de Mala- 
bar ei de CorQmandel:'' par M. TAbb^ Mazeas, correspondaat de 
TAcad^mie, &c. M^m. des S^avans Etrangers, torn. iv. 

* The fruits of several trees not yet accurately distinguished, or 
ascertained, have been called myrobalans: that species ivhich is 
here meant, belongs to the genus terndnalia^ to which the trivial 
or specific name of chebula, or that of citrina has been applied. 
See Retzius's Observations. It is the badamier of the French, and 
her of the Hindoos. The ripe fruit is yelloW) and pear-shaped, with 
five longitudinal angles; and, when dried, appears wrinkled. It con- 
sists of a white pentangular nut, covered by a mucilaginous and 
highly astringent substance, nearly two lines in thickness; and 
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bufl^oes' milk; and being thoroughly penetrated and im- 
pregnated therewith, they were taken out, and the liquor 
being well squeezed from them, they were again dried 
by exposure to sun* shine, and afterwards, bypressure 
and friction, with wooden rollers, they were made 
smooth enough to be drawn upon by the pencil, with 
the different mordants (according to patterns previously 
traced out and marked by powdered charcoal). The 
first of these mordants was an iron liquor (acetite of 
iron), similar to that since employed by the calico- 
printers of Europe, excepting only that, instead of vine- 
gar or alegar, the iron was dissolved by a mixture of 
sour palm wine, and of water in which rice had been 
boiled.* This liquor was applied to the figures or spots 
< 

within the nut is a small white oily kernel. The nuts are separated 
from the astringent substance which covers them, by bruuing the 
fpuit under a wooden roller or cylinder, it being the external astrin- 
gent substance only, or an infusion or decoction thereof, which is 
generally employed throughout India for dyeing or calico-printing, 
and which, by very decisive eiperiments, to be mentioned here- 
after, I have found to be capable) of answering all the purposes of 
galU. Indeed the leaves of this tree afford a sort of flattish yellow 
irregular ^//«, produced by the punctures of a particular species 
of insect; which galls are collected and sold in all the bazars or 
markets: they are called aldecay by the Telingas, or Hindoos of the 
Circars, and cadacay or caducay by the Tamuls: and they produce 
with iron a strong durable black dye, and ink; and with alum a very 
full, though dark brownish yellow. If these galls were bruised so 
as to occupy less space than they otherwise must, by reason of the 
cavities contained within them, they might be advantageously im* 
ported into this country, as might also the extemal astringent sub* 
stance of the fruit of the terminalia chebula separated from its uac- 
lesM nut. By some persons the unripe fruit is preferred, as having 
most acerbity or astringency. 

* In the letters of Father Cceurdoux, the water in which rice 
had been boiled, and which was converted to a sort of vinegar, is 
termed canje^ and the vinegar from palm wine is named callou. In 
these, bits of old iron and the vitrified matter of a smith's forge 
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intended to be made black, by a ccHnbination of the 
oxide of iron, with the colouring matter of the myro- 
balans. 

By this method of producing bbck stains, the colour- 
ing matter is applied previously to the metallic basis, 
contrary to the practice in regard to most other colours. 
But in this the strong attraction of oxide oi iron fior the 
fibres of cotton, as already mentioned, obviates the evil 
which would result from a similar application, where 
oiher mordants were intended to follow. 

When the black figures or st^ns have been thus pro^ 
duced, the blue are next to be given, and as a prepara* 
tion for this, it b thought necessary to remove the as- 
tringent and oily matters which the calico had imbibed 
in every part, by being soaked in the mixture of buffa- 
loes' milk, and powder of myrobalans; and for this pur* 
pose it is macerated during twenty-four hours in the 
dung of goats, or sheep, diluted with water, then rinced 
thoroughly and repeatedly in clean water, and dried in 
the sun: after which the figures intended to be made 
blue, are marked by outlines traced with powdered 
charcoal mixed with a solution of gum; and this bebg 
done, every other part not intended to be made blue, is 
covered with melted wax, to protect it from the indigo: 
and then the calico is sent to the blue dyer, and by him 
immersed in the ^ilof indigo vat described at p. 151; and 
being sufficiently dyed, the wax is afterwards removed 
by covering the calico with boiling water, which melts 
the wax, and this lust rising to the top, is separated 
when the water cools. But as the wax cannot in this 

powdered, were macented and exposed, to the tun, until a sufficient 
solution had been effected. According to Or. Roxburghi the Te- 
lingas gives the name ofcastim to their solution of iron, made by 
palmira toddy, or the juice of Borassus fiabelHfermis, (a species of 
jpalm) turned to vinegiir. 
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way be completely removed, the calico is again soaked 
in a mixture of goat's or sheep's dung and water, 
rinced, dried in the sun, beat and afterwards soaked and 
boiled in water with oUa^ or washermen's earth, (which 
seems to be a natural mixture of soda and chalk) dien 
macerated in water with cow-dung, and again well 
rinced, dried ia the sun, and beat. After all these ope- 
rations, the calico is zjgsdn to be impregnated'with the 
same oily and astringent matters which were removed 
to make way for the indigo blue, by soaking it again in 
the mixture of bu€bloes' milk and myrobalan powder, 
drying and making it smooth, as before. And this being 
done, the calico will be in a fit condition to receive the 
aluminous mordant, upon which the red b afterwards to 
be dyed; which mordant is to be applied according to 
figures marked out with powdered chartoal: and when 
purple and violet figures are to be produced, they are to 
be in like manner designated; and for these, a mixture 
of the solution of iron, with the aluminous mordant, in 
suitable proportions, is to be applied; whilst for the 
figures intended to be red^ the aluminous mordant aione 
is employed as a basis. These mordants are commonly 
applied by children, with the pencil^ or with pointed 
wooden sticks. 

To prepare this aluminous mordant, two ounces of 
dum were dissolved in two quarts of water, taken from 
certain pits, which water Father Cceurdoux has called 
" apre," probably because it held in solution a little 
soda, which there abounds in many places. To colour 
this solution, so that the strokes of the pencil in apply- 
ing it might be visible, a little sappan or sampfan wood 
(ccesalpinia sappan of Linn.) in powder, was steeped in 
the solution, which being afterwards strained, was ap- 
plied as before mentioned; after which the cotton so' 
penciled, was exposed to the hottest 8un*shine, in order 
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that the parts to which the mordants had been applied, 
might be dried as much as possible; and then the 
cottons were thoroughly soaked in large pits of water, 
to cleanse them from the loose superfluous parts of the 
different mordants, as well as- from the buflUoes' milk, 
Sec; and this being done, they were slowly dyed in 
water moderately heated, with certain roots answering 
nearly in'theur effects to those of madder. Of these there 
are several sorts used for dyeing red in difierent parts 
of India, which will be more particularly noticed here* 
after; that pointed out by the accounts in question, and 
most commonly employed, is called on die coasts of 
Coromandel and Malabar by the names of chay, chaia, 
chayaver, chailliver, and raye de chaye.* And after 
being dyed, the cottons underwent three different wash- 
ings with goats' dung, soap, 8cc. and we^'e then bleached 
by being exposed to the sun, and watered occasionally, 
to remove the stain on the parts intended to be left 
white. 

It appears, that in this operation the buffaloes' milk, 
and more especially the astringent juice of the myro- 
balans, produced very beneficial and important effects, 
by their attraction for the aluminous earth, which con- 
tributed greatly to decompose or separate it from the 

* This root was supposed, bf M. M. Poivre, Hellot, and others, 
to be a species of gtUium or lady's bed-ttraw; afterwards, however, 
M. Duhamel de Monceau thought there was sufficient .reason to 
consider it as the Hedyoiis herbacea, Linn.: lately, however, Dr. 
Roxburgh hal^ ascertained it to be a species oi oldcnlandia^ to which 
he has annexed the specific name of umbellata; (see Plants of Co* 
romandel, vol. i. p. 2, t. 3.) This indeed belongs to the same class 
and order as the galtum and hedyotb (i. e. to the tetrand. monog. 
Linn.); and is called tsherivello by the Telingas; ch^, saya*ver, and 
imbourel, by the Tamuls. Since my former publication on this sub- 
ject, I have made numerous experiments with this root, of which 
an account will be given hereafter. 
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sulphuric acid, and consequently to fix it more firmly 
in the cottCHi; and being so fixed, it was enabled more 
strongly to attract and retain the colouring matter of the 
chay root when in the dyeing vessel, and thereby to 
produce a more permanent red colour in the difierent 
spots, figures, or designs, where the alum liquor had 
been applied.^ 

The astringent or colouring matter of the myrobalans 
also contributed essentially to produce the purple and 
violet stains, upon the parts or figures to which, for 
that purpose, a mixture of iron liquor and of the alu- 
minous mordant had been applied, as lately mentioned; 
the chay root not having (as my experiments prove) the 
property, like madder, of producing those colours with 
iron. 

After these operations, a yelhw composition was ap- 
plied by the pencil, &c. to the parts which had been 
preserved white; and when a green was wanted, to other 
parts which, with a view to that colour, had been dyed 
blue. This yellow composition was made by dissolving 
powdered alum in a decoction of the powdered galls 
of the myrobalan tree, called aldecay by the Telingas, 
&c. as just mentioned. In making this decoction, pow- 
dered turmeric and dried pomegranate rinds were some- 
times put into the water, with the aldecay. But the yellow 

* When a solution of alum is applied to calico which has received 
no impregnation, it will not be sensibly decomposed; but on the 
contrary, a great part of it will again crystallize, so soon as the 
water which held it in solution has evaporated; and none but very 
feeble colours can be raised upon such a basis. But when calico has 
been impregnated by such astijfhgent and animal matters as are 
obtained from myrobalans and buffaloes' milk, the alum wUl not 
only be decomposed, but the alumine will combine with the astrin- 
gent and oily matters so obtained, and a basis will be laid for a 
colour almost as durable as the Turkey ned. 

■ 
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or green resulting from this application, will only endore 
a few i^trashings, before it becomes almost obliterated* 
Father Coeurdoux pretends, indeed, that this defect may 
in a great degree be obviated by mixing with the yellow 
in question, some of the astringent juice of the root of 
the plantain (musa); but If this had been trae, such mix* 
ture would doubtless have been employed, and in that 
case the yellow of the Indian chintz would not have prov- 
ed so defective, as it is' known to have been at all times* 

In this composition we have an adjective colour direct- 
ly combined, and topically applied with its basis, instead 
of being applied separately, as is most usual. Such com- 
positions (which will be frequently mentioned hereafter) 
assume the form of a substantive colour, without being 
such in reality; and as it may be useful to distinguish 
them by an appropriated term, I beg leave to call them 
pro-substantive topical colours^ and to apply that designa** 
tion wherever an adjective colour, and its basis or mor- 
dant, are thus mixed and applied together topicalfyy 
either by the pencil or the block. 

The art of calico-printing, since its introduction to 
Europe, has been divested of many tedious operations 
and manipulations, which indeed would have proved 
insupportably expensive here, on account of the higher 
price of labour, and of almost every thing necessary to 
human subsistence.^ But the greatest European im- 
provement in this art, respects the aluminous mordant, 
and depends on the employment of sugar of lead (ace- 
titc of lead), or the oxide of that metal dissolved by 

* Bertholiet, torn i. p. 8, of his last edition, has delivered a simi- 
lar opinion, and he adds io a note, ^<Cette opinion est coiifirrote 
par les details ^/itf exacts que Ton trouve dans Bancroft OfPerma* 
nent Colours "-^He considers the art of dyeing in India as being 
now nearly in the state in which it was at the time of Alexander's 
invlMion* 
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vinegar, and crystaUbsed; which within the 
memory of man has been gradually brought into use, 
without any theory, or even suspicion of its true effect, 
or of the way in which it has proved so highly useful 
This improved aluminous mordant is now generally 
mode by dissolving three pounds of alum in a gallon of 
hot water; then adding one pound, or in some particu- 
lar cases one pound and a half, of the acetate or sugar 
of lead, stirring the mixture well during two or three 
days, and afterwards adding to it about two ounces of 
potash, and as many of clean powdered chalk (carbonate 
of lime). In this mixture, both the alum and the sugar 
of lead are decomposed by a double elective attraction, 
which produpes two new compounds, according to Mr. 
Henry and M . Berthollet, because the oxide of lead 
liaving a stronger attraction for the sulphuric acid than 
for that of the vinegar, combines with the former, and, 
forming an insoluble salt, subsides to the bottom of the 
liquor, whilst the earth of alum, thus left in a very di- 
vided state, unites to, and is dissolved by the acetic 
acid, previously separated from the lead, and remaining 
in the liquor, which thereby becomes a diluted acetate 
of alumine; the potash or chalk only serving to neu- 
tralize the excess of sulphuric acid, which is always 
contained in alum, and which would in some degree 
hinder the alumine from being deposited and fixed in 
the fibres of linen and cotton. But the decomposition 
here described takes place only in part^ because one 
pound of sugar of lead, or even one and a half, (the 
greatest quantity any where proposed,) is not sufficient 
to decompose three pounds of alum. On the contrary, 
I have found that alum cannot be completely decom- 
posed, without nearly its weight of sugar of lead:* and 

* Having added a pound of sugar of lead to a pound of alum dis^ 
solved in hot water, 1 found that though the alum was decomposed 
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where less has been used, I have alwa3rs been able, by 
evaporation, to detect a quantity of it in the aluminous 
mordant. I shall have occasion hereafter to revert to 
this subject, and shall therefore content myself at pre- 
sent with remarking, that the printer's luminous mor- 
dant is not, in fact, a mere solution of the alumine, or 
earth of alum, by the acid of vinegar, as those eminent 
chemists Mr. Henry and M. BerthoUet have supposed; 
but that even with the greatest proportion of sugar of 
lead ever employed by the calico printers, it contains a 
considerable portion of alum in its original state; I«ieaa 
that in which the argillaceous earth or alumine b com- 
bined with sulphuric acid* But, notwithstanding this 
circumstance, I shall generally consider this prepara- 
tion as being in reality, what it is not strictly, an acetate 
of alumine; and shall commonly distingubh it either 
by that name, or by that of the printer's aluminous 
mordant. 

The mixture or mordant in question being thus made, 
and the clear liquor decanted from the sediment, it b 

and a pure acetate of alumine produced} yet the acetic acid, which, 
had dissolved the lead, was not sufficient to re-dissolve the whole 
of the alumine, a part of it having subsided with the sulphate of 
lead; it was, however, soon dissolved by addiAg vinegar to it; and 
this solution, when made with strong vinegar, proved as efficacious 
as the pure acetate of alumine in fixing the colours of madder, Sec. 
Gay Lussac has observed that an acetate of alumine, which when 
cold is perfectly transparent^ becomes turbid and deposits a part of 
its alumine when heated, and that if left to cool again, the alumi- 
nous sediment will be re-dissolved* and the liquor recover its former 
transparency: an effect which he thinks analogous to the coagula- 
tion of albuminous matter by heat, of which he has given an expla- 
nation at p. 197, of the 74th volume of the Annales de Cbimie. The 
fact, however it may be expldned, enables us to understand (what 
experience had in some degree previously suggested) ^hy the alu- 
minous basis should not be applied warm^ when it is intended to be 
coiMlously fixed on calico, under the operation of printing. 
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afterwards thickened with flour,^ if intended to be print- ' 
ed or applied by the block and with the gum of the 
mimosa nilotica (gum arable), or of the mimosa Sene- 
gal (gum of Senegal), if it be intended for penciling; 
and being applied in either of these ways to linens or 
cottons, previously bleached and made smooth by the 
cylinder, the latter are to be thoroughly driedf by a 
stave heat of 150 degrees of Fahrenheit, and afterwards 
put into a copper partly filled with a mixture of ctrw 
dung and water, through which they are to be turned 
by the winch, backwards and forwards, until the gum 
or flour employed to thicken the mordant has been dis- 
solved, and the loose particles of alumine separated; 
that they may not in the dyeing vessel combhie with the 

* Since my former edition, it has been found that by slightly 
torrefying the flour, it was rendered more soluble in water, and 
more suitable for the purpose of giving consistency to the mordant 
in question; and the brown colour which it acquires by torrefaction 
supersedes the use of Brasil wood, and other colouring matters, to 
mark the parts which have received the mordant. Starch, by a si- 
milar torre&ction, softens, swells, and emits a penetrating odour; 
and, the torrefaction being then stopped, a substance is obtained, 
which has been lately much employed by calico-printers as a sub- 
ttitute for the gum of Senegal, under the name of British gum. 

From half to three quarters of a pound of gum have commonly 
been found necessary to each quart of the mordant, according to 
the season of the year, and the sort of figures or impressions in- 
tended to be made. So much consistency should be always given 
to the liquor as will binder it from spreading beyond its proper 
limits, taking care at the same time, that it shall retain so much 
Jluidiiy^ as thoroughly to penetrate the fibres of the calico, and, in 
the language of the printers, serve as a leader or conductor to the 
alumioe» &c. 

t This thorough desiccation, by artificial heat, contributes very 
much towards a more perfect union of the aluminous and ferrugi- 
nous bases with the fibres of the cotton, by causing an evaporation 
of the acetic acid, and also of the water, which by their affinities, 
would obstruct the desired union. 
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colouring matter, and discolour the grounds inteaded to 
be preserved white. The cow dung in this operation 
was supposed to be useful only by combining with, 
and entangling the superfluous parts of the m(H*dant, se 
as to hinder them when separated from the figures to 
which they had been first applied^ from attaching them- 
selves improperly to other parts, and becoming the basis 
of an unpleasant stain. But there is reason to believe 
that cow dung, by the gastric juices, gelatine "and albu- 
men, which it contains, afords a very beneficial im- 
pregnation to the printed calico, of some animal mattert 
which combining with the mordant, serves to bind it 
more strongly to be printed calico, and afterwards to 
increase its attraction for the colouring matter, like some 
of the animal impregnations which are so necessary for 
the Turkey red,* 

* Mr. Watt has supposed that the animal gall contained in coir 
dung, exercises a particular power in this operation, of separating 
the acetic acid from the alumine, and that by combining with the 
latter, it renders it more efficacious afterwards, in attracting and 
holding the colouring matter in combination. Mr. Widmer, of Jouy, 
near Versailles, has entertained nearly a similar opinion, (as Ber- 
thollet reports); he believing that, ^< dans le bouzage il se forme 
une combinaison trifkU de la mati^re animale avec Talumine et la 
toile* qui ajoute a la beaute des couleurs:*' and for this opinion, 
Berthollet thinks there is some foundation, because water alone 
does not answer the purpose; and he adds, that an examination, not 
indeed the most minute^ of cow dung, did not enable him to discover 
in it any thing likely to produce these beneficial effects, excepting 
a matter analogous to bilcf "une mati^re analogue d la bile.*' £le- 
mens, £cc. torn. i. p. 90. ^ 

Haussman substituted powdered chalk for cow dung (with water); 
but found the colours which were raised afterwards upon the alu- 
minous basis to be very feeble, though those upon the oxide of iron, 
' which had at the same time been subjected to the action of chalk 
and water, did not appear greatly defective. Soap and water being 
employed instead of cow dung and water, produced effects more 
hurtful to the aluminous basis than those of chalk and water. If 
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Subsequently to this dunging operation, the pieces of 
calico are to be well rinced, and beat in clean running 
water, to remove as far ais possible every loose particle 
of the mordant, which might otherwise, when in the 
dyeing vessel, occasion an improper stain. 

By thus substituting the acetic for the sulphuric acid, 
in the aluminous mordant lately described, several con- 
siderable advantages are gained. The acetate of alumine 
being much more soluble in water than common alum, 
tJie liquor will contain a much larger proportion of alu- 
mine, than could be otherwise suspended in it; and with 
liiis advantage, moreover, that it will not be liable to 
form crystals in or upon the linens or cottons in drying, 
as would happen with a solution of common alum, the 
acetate of alumine being incapable of crystallization. I 
may add also, that the acid of vinegar being volatile, 
and having a much weaker attraction for its earthy basis 
than the sulphuric acid has, the former will be speedily 
separated and carried off, especially by the heat of the 
stoves employed for drying the pieces printed with it, 
and will leave behind the alumine which it had dissolved, 
and which, being no longer encumbered by any other 
attraction, will yield itself wholly to that, which subsists 
between it and the fibres of linen or cotton, and will 
unite with them more copiously and firmly than it other- 
wise could do, and be thereby enabled more strongly to 
attract and fix the colouring matters in the dyeing ves- 
sel. This, however, will only prove true, so far as the 
sulphate of alumine has been really decomposed by the 
acetate of lead, or so far as the alumine has been com- 
bined with the acetic instead of the sulphuric acid.^ 

cow dung were only useful hj thickening the water, oatmeal, or the 
meal of lint-seed might well supply its place; but I have not found 
them capable of doing so. 

• Since these observations were first published, chcafier means 
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As the practice of calico printing has been but latdy 
introduced into Europe, and as the acetated alumuious 
mordant does not appear to have been previously known 
in any other country, we might have expected that its \ 

discovery in tfus^ would have been deemed a matter so 
important, as to have constituted an sra in the history 
of the art; and, therefore, I was not a little surprised in 
finding that no Vmter had mentioned, and that no calico- 
printer, of whom I have inquired, could inform me, at 
what time, or by whom, this mordant was first employ- 
ed, as the basis of red and yellow colours in calico- print- 
ing. My wonder has, however, ceased on this subject, 
since I have inspected a considerable number of recipes, 
for making the several mixtures employed as mordants, 

have been discovered of forming an acetate of alumine. White lead» 
not aduherated by carbonate of lime, being dissolved in strong vine- 
gar, was found, in several experiments which 1 made, to answer the 
purpose of sugar of lead, and to produce a good aluminous mordant, 
hj adding to the solution a suitable proportion of powdered alum; 
and I afterwards found that litharge disserved in vinegar, instead of 
white lead, was equally useful for decomposing alum. But soon 
after it had been ascertained, that the acid obtained from oak, beech, 
and other woods, by converting them to charcoal in close veaaeUj 
and collecting the acid by proper tubes and receivers, was truely aft 
acetic acid with only an intermixture of an empyreumatic oil, and 
perhaps a little ammonia, this pyroligneous acid was generally sub- 
stituted for vinegar, and employed to dissolve the oxide or carbonate 
of lead; and the solution so made, was, with a considerable diminu- 
tion of expense, employed to decompose alum, instead of sugar of 
Iciad; the empyreumatic oil, excepting its unpleasant smell, doing 
little or no harm even to the most lively and delicate colours, and 
proving in some degree beneficial to those depending on a ferrugi- 
nous basis. 

More recently, however, it has been discovered, that by dissolv- 
ing lime instead of an oxide or carbonate of lead, in the pyroligneous 
or other acetic acid, alum might be still more cheaply decomposed; 
and at present, an acetate of lime is, I believe, generally employed* 
instead of the acetate of lead, to produce the aluminous mordant. 



soon after the business of cftlieo-prititkig began to be 
carried on with some degree of success here^ and in 
other parts of Europe. In one of these, which seems to 
have been the earliest, alum, sal ammoniac, saltpetre, 
red orpiment, and kelp, were directed to be mixed with 
water. In another, which probably follovr ed this^ it Hfv 
directed that these ingredients i^KNild be dissolved in 
vinegar. In a sttccee<Ung redpe, a litde sugar of lead 
was directed to be employed, but in a quantity too 
small to be of any considerable use; I mean one ounce 
of it for every pound of alum. Afcerwards^ the calico- 
printers, without any ^stem or reasonable motive, ap- 
pear in different instances to have added verdigrise, 
anenic, corrosive subliourte, blue vitriol, Riharge^ and 
wMie lead. By stumbling upon the two kst (which alone 
were of any use), it happened, where vinegar had been 
also employed, as it commonly was in some shape, that 
after a variety of decompositions and recompositions, 
some portion of acetate of alumine was formed, the good 
effects of which were experiencedy though wiri^out any 
true knowledge of the ways and means by which diey 
had been produced. By degrees, however, the printers 
s^m to have increased the quanti^ of sugar of lead, 
and several (^ ihem to have suspected diat many of the 
other ingredients usually emptoyed for making their 
mordants were useless. Some of them, therefore, began to 
omit one, and some another of these ingredients, until at 
length aU the useless ones were laid aside, though with- 
out the aid of any chemical reascming on the subject, 
and without any one having ever suspected, as indeed 
few of diem do at this day, that the lead which thr^r 
continued to employ, occasioned any decomposition 
of the alum, or that the mordant so produced did. not 
really omtain all the lead and other ingredients used to 
prepare it. Among the useless ingredients beibre mcn< 
Voi. I. 2 M 
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tioned». corrosive 9ttbliinate seems to have been retaiMd 
tbe Uwgeat, siuce Mr. Wilsoa ipdludcs it ia Im ttapt^ 
which was publifthed so lately as the year 1786. (See 
his Essay on Lig^t and Colours^ &c.) 

It is not wonderful, therefore^ that no particttliir pta*-. 
^ or period has been nqted, or remeoibeiredf 03 d»> 
tipguisbable for the first invention of the lu^etated aluni* 
nous mordant; since the sugar of lead, or other mems 
of forming it« were at irst used by ohance so sparingly^ 
as tp have scarcely produced any better effect than would 
have resulted from the. mere solution of akim, and tbe 
aUeratipQS and improvements by which Ibe mordant 
afterwards, acquired its present fc»tn» I had almosit said 
perfection, we/e made by such imperceptible gradan 
tions, md. resulted so much fbom the nmdom ad^tioiis. 
wd omissions of different individuals, (no one of whon^' 
seems to have been^gmded by any thing approaching, 
to a just theory,) that neither the discovery, nor any ^ 
cons^ersble ^tep towarda it, cw properly be referred 
to any one person w period. 

Mr. Henry, juat^ sensible of the superior ndvwtages. 
of tb$ acetated aluminous mordant in calicQ-printing». 
and cctticeiving it to have really been very anciently. 
kpQwn and employed in those countries where the arti 
waa first practised, ooncludes from thence, that it mMt 
b^ve re^uMed from a very advanced state of chendcal- 
knowledge in those countries^ at some rtry remote pe- 
riod, which was afterwards lost, wUbt the imftfove* 
ments arising frc^ it in this r^pcct continiicd to be 
practised and handed down, through a keg succession 
of 9g^ to the present thne* '^ To have indented (a^s 
he) the process of printii^, in the manner described bjr 
Pliny, the inhabitants of India must probably have 
known how to prepare alum: they must have been. 
ao^Minted with the manner o£ dumhring lead in the 
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Vegeti^Ie acMs; they must at least have been acquainted 
with the component parts of these aahs, and they must 
have had a knowledge of double elective attractions, 
&c." In truth, however, the. inhabitants of India neither 
had, nor have they at present, any knowledge of the 
use of sugar of lead, or of any other preparation of that 
metal which could produce similar effects in caltco-print« 
ings a solution of common sUum in water being their 
only aluminous mordant, and the previous application 
of the soluble parts of myrobalans and of buffaloes' milk, 
to their calicQes, aided by a very hoi sunshine, and the 
oom{rfele desiceation which it produces, enabling them, 
widiout any thing like an acetate of alumine, to give equal 
durabflily to thek colours. This &ct I have learned, not 
only from all the accounts published, or transmitted to 
Europe respecting this point, but from the poaitive l^r- 
bal informations of eye- wknesaes to the practice of cafiCo« 
printing in that part of the world, and particularly of a 
gentleman of great veracity, as wett aa knowledge oa 
this subject, who formerly carried mi the boskiess of 
calico-printing very extensively in Bengal (prineipally 
for account of the East -India Company): and indeed 
•sugar of lead is so fiur frcMU being used for this purpose 
there, that within a few weeks I have received a letter 
from Mr. Jf hn Adie, (sucrassor to the gendeman last 
mentioned,) dated, *^ Goodelpara, near Qbandemagore, 
the lOdi of February, 1792/' and mentiomng, that he 
had some Utile time befiMv been obliged to pay tweaQr 
shillings the pound for sugar <tf ktid, in order to prepuie 
a partioilar colour which I had formerly leoommended; 
so fiur was this ingredient from being in use there for any 
su6fa purpose. 

We may, therefore, safely conclude, that the forma- 
tion of an acetate of alumine, imd its applicatiott aa a 
mordant in calico-printing, was not an oriental disco^ 
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very; and that H did not resttlt from any knowledge of 
double elective attractions, or any other extensive che- 
mical knowledge, either in ancient or modem times; 
since those who gradually stumbled upon and iiitroi- 
duced the use of it, were totally ignonmt of the decom- 
positions and recompositions which took plwe in their 
mixtures, and always supposed, as all other calico- 
printers have till lately done, and as most of them now 
do, that the aluminous mordant really conristed of every 
thing used in producing it. 

To illustrate more plainly the Afferencei of colouring 
matter, as well as the action of an ahimmous ba»s upon 
them, let us examine its eflfects in a few particular in« 
stances: taking a small piece of calico, upon which cer- 
tain figures and designs had been printed with the ace- 
tated aluminous mordant, and which, after being dried, 
had been cleansed in the usual way, I dyed it in water 
with safron;* the wstter readily extracted the yellow 
colour of tlie saffiron, and the calico soon inibibed so 
much of the colour, as to become equally yeUaw in all 
U$ parUy without any diftrence of shade, even where 
the alumine had been applied. The calico so ccdoured 
being exposed to air, soon became equally and uni- 
formly white; die colourkig matter of die saffion having 
no affinity to the alumine: to see, however, whether this 
last remained fixed m the fibies of the cotton, I dyed 
the same piece which tlie saibon colour had thus aban- 
doned, ininiter with a Httle Brasil wood, and the figures, 
where the ahimitie had been applied, became of a strong, 
fuUy and beautiful crimson; the oAer parts, to ii^ich no 

* The colouring matter of saffron readily dissolTes in water, but 
is soon destroyed by the cays of the sun; it gives a rich yellow to 
liDen> cotton, &c. but having no affinity for any known basis* it has 
no permanency, though it will acquire blueish and greenish shades, 
whoa acteu upon by the sulphuric and nitrid adds. 



Fkilatoph^ <^ Permanent Cohur^. 377 

bam had been applied, bebg but slightly dtsc^ured 
The calico so dyed, being exposed to the sun and vix 
two or three days, the spaces to which no mordant had 
been applied became po^ctly white; and the figures 
impreg^iated with alumine had lost some of their fine 
mmson colour, which gradually diminishing, by a con- 
tmued exposure, was all gone at the end of eight day& 
In this instance, the aluminous basis had a certain affinity 
with the colouring matter <^ the Brasil wood, (which was 
not the case with that of saffron,) but not so much as to 
fix and relain it permanentfy. To ascertain, however, that 
the defidct arose from the want of a sufficient affiniQr be- 
tween the colouring matter and die alumine, and not 
between Uiis last and the cotton, I took the same calico, 
which had been already twice dyed, and dyed it a third' 
time in water with madder, whereby the whole became 
cdoured, but die figures impregnated with alumine 
much more deepty than the other parts; a proof that the 
alumine still remained fixed, notwidistanding the escape 
of the Brasil wood crimson, and that it had again entered 
into a triple combination with the madder colour, and 
the fibres of the cotton. The (uece so dyed, being wdi 
boiled in water soured with bran, and exposed to sun. 
shine and air, in a few days became white in the parts 
where no morAoit had been applied to fix and retain the 
colour, whilst the figures formed by the application of 
dwnine, retained all their body wd br^nfataess; the 
colouring matter of the madder, in diis trifrie combina- 
tioi^^ not being liable to destruction or separation by the 
same means which destroyed or septfated it where no 
such bond of union or means of preservation existed.* 

* M. Berthollet, in the last edidon of his Elements, &c. (torn. i. 
p. 80) has introduced mj account of these experiments, to illus- 
trate and prove the affinities of alumue employed as a bjisis, and 
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It has beeo already nolic^ tim in orieatal cattoo- 
printing the solution of ahim is cdbured red wilb aaini>- 
&n or sappan wood; and I might have added» that in 
dyeing widi chay root, the red colour of the wood ia 
dislo^ed from the pores of cotton by the superior at- 
traction of the root colour, which takes its place. Nei» 
tber the East Indians, however, nor the writers who 
have £^ven accounts of their operations, seem to have 
been apprised of this fact; but have concluded that the 
red wood colour was fixed, and noade durable by Bpplj^ 
ing that of the chay root.^ To ascertain the truth on tj^ 
point, I made several experiments^ of which an account 
was given in my former edition; but they are now omit*, 
ted, because those which I have since made with the 
chay root itseljl and which will be stated hereafieri most 
render the former unnecessary. 

After this account of the acetate of alumine, it is pro* ' 
per that I should notice that of iron, commonly called 
iron liquor, which, as employed in Europe, was maoi- 
festly borrowed from the Indians, with only the substi- 
tution of a vinegar from wine or malt, for that obtained 
by fermenting the juice of some of the different species 
of palm trees. 

also the difTerent dispositions of colouring matters to be acted upon 
by these affinities. 

* TMs enoneous opinion hat been agadn very laldf proiNigatad 
in a French periodic^ wprhi of oosakierabld vaspectabilityf C* An- 
nales des Arts et Manu£Eu:ture»»'* No. $1^) where M. Le Goux de 
Flaix, in giving an account of the chay root, says, << This root is 
useful not to give colour, but only to fix that which has been other- 
wise gtYen;** and he adds, that by not knowing this (act, it was found 
imposaibte to make any uae of a large quantity of the ctaay fool^ 
imported by the French East India Company to France, in the year 
1774. The true cause, however^ of the fidUare here vienticHiedy wall 
be explained hereafter, when I shall have occasion to notice a si- 
milar failure, in regard to a recent importation into this country, by 
the English India Company. 
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The means of prodociagan acetate of iron, obviously 
presefit^ themselves, and did not require any more 
cbemical knowledge^ than people but very moderately 
eiviUsed are commonly found to possess. Iron, in a state 
proper for being dissolved, by >inegar, might be pro* 
curedi without a previous decomposition for that parti- 
cular purpose. But thb was not the ca^ with alumme^ 
of which the nature was completely unknown, as well 
as the ways oi procuring it; and even at this time, though 
we know it to be a particular and pure species oi clay, 
we>do not find it either practicable, or advantageous, to 
obtain it, except by aeparatiog it from the sulphuric 
add, with which it has been previously dissolved, and 
combined m common alum. 

The first European calico-printers, in making their 
koQ liquor, employed many useless ingredients, as they 
also did in making the aluminous mordant. In the more 
early prescriptions I have found, besides (dd iron, and 
vinegiir or sour beer, verdigrise, sugar of lead, blue vi« 
trid, antimony, urine, the brine of pickled herrings, salt- 
petK, sal ammoniaCi and other meongruous matters, fre- 
quently directed; wid they were thought to be usefiil, 
beoauae they did not hinder the oxide of iron from per- 
forttdng its pffioe as a basis* Rye , meal was for maogr 
years very commonly employed, and probably with 
some advantage. AAerwarda, however, experience, di- 
rected by the light <rf* ohemistry, enabled the manufac- 
turers Slid consumers of thb mordant, gradually to 
discard the useless ingredients employed in making it, 
Ml they also did those which had for a coasiderahle time 
enoumfaered) and in some dep^e injured the mordant, 
fironi alum. Iron alone, dissolved by an acetous acid, 
then ctmstftttted the hr<Mi liquor; and to produce this 
acid, malt, or sour beer, or the washings of sugar hogs- 
heads^ were oommonly employed, as being, the most 
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economical; and broken iron hoops, or other thin pieces 
of old iron, were subjected to the slow action of the 
acid. And when a more concentrated solution was i 

wanted, either as the basis of very full adjective co* | 

lours, or as a substantive topical colour, certain pro* 
portions of sulphate of iron were dissolved in the iron 
liquor, which, with or without this additbn, always re- 
quired to be thickened, like the aluminous mordant, 
when topically applied by the pencil, or printed by en* 
ptived blocks. 

I scarcely need to add, that since the nature of pyro- 
ligneous acid was ascertained, this last has beeu pre^ 
ferred, as the cheapest, and in some respects most use« 
ful, for making the acetate of iron, as well as that of 
alumine. 

When pieces of calico have been printed with iron 
liquor, whether it be applied to those which either have 
received, or are intended to receive, the aluminous 
mordant also, they are to be thoroughly dried by a 
staoe heat, and afterwards passed through the mixture 
of cow-dung and warm water, in the manner directed 
for pieces which have been printed with the acetate of 
alumine only, and with a view to similar effects; and 
tfiey are afterwards^ in the language of the calico- 
printers, to be streamed^ or extended, in running water, 
and beat, to remove all the loose or uncombined parti* 
cles of the mordant, and tiius fit them to be dyed, with » 
either madder, sumach, weld, or quercitron bark; these 
being the principal, and almost the only adjective co- 
louring matters so employed by calico-printers, and 
sufficient (excepting the blue from indigo) to produce, 
with the aluminous and ferruginous mordants, all the 
various colours seen and admired on printed calico. 

£. G. If pieces of calico, to which these mordants 
have been applied both separately and mixed, be put 
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into a dyeibg vessel, with water scarcely blood- warm, 
and in which three^ four, or five pounds of madder in 
powder, for each piece, have been previously mixed, 
and. they be turned, as usual, through the liquor, by 
the winch; gradually, but slowly, raising the heat, so 
that it may only reach the boiling point at the time 
when the calicoes will have been sufficiently dyed, the 
several pieces will be found to have imbibed colour in 
every part. The figures or places to which the unmixed 
iron liquor was applied, will have been dyed black, and 
those on which the aluminous mordant was printed, 
will be red, of different shades, if the mordant had been 
used at different degrees of concentration; and, if both 
'mordants were mixed and applied in different propor- 
tions, such applications will have produced various 
shades of purple, violet, chocolate, and lilac colours; 
whilst the parts, or grounds^ intended to be ultimately 
left white, will manifest a considerable brownish red 
discoloration: but as the madder colour producing it, 
is not then united to the calico, by the affinity or attrac- 
tion of any intermediate basis, it will not be able, as in 
0ther partSy to resist the action of exterior agents, and 
may therefore (as is usually done), be removed, and the 
grounds made whiter by boiling the pieces in water 
soured by fermented bran, and by afterwards spreading 
them for some days (according to the season) upon the 
grass; where, with the well known treatment, the co- 
lours dyed upon a basis will become brighter, whilst 
that without one will completely disappear. 

Calico, printed with the same mordants, and dyed 
with the quercitron bark, (quercus tinctoria, or quercus 
nigra, Linn.), will acquire fixed and bright yellows of 
different shades, upon the aluminous basis, and various 
drab colours upon that of iron. A ^mixture of these 
bases will produce olive colours. Along with these it is 

Vol, I. 2 N 
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I usual to produce black impressions at the same time^ 

I by previously applying to the calico a mordant com** 

f posed of iron liquor and galls; by whith figures, wfaieh^ 

I without the galls, would only have manifested a dark 

J drab colour, are made bbckj by dyeing with the quer* 

f citron bark; and if the dyeing be conducted as I shall 

f hereafter direct, the grounds will be so little <UscQk>ur* 

ed, that no exposure upon the grass will be required, at 
is necessary with madder and weld; an advantage which 
has nearly put an end to the use of weld in calico- 
printing* 

This method, however, of dyeing yellow upon a barii^ 
is an European invention; the people of India having only 
^ given it, as already mentioned, by a pro-suistantwe mix* 

ture of the decoction of the galls of myrobalans with 
ilium. And, indeed, this practice was followed here for 
some time after the introduction of the art into Europe^ 
excepting that, instead of the galls of the niyrobalan 
tree, a decoction of French berries (rhamnus infecto^? 
rius, Linn.) was employed; by which, indeed, a very 
full bright yellow was at first communicated, but of so 
fugitive a naturey that the use of these berries, which in 
some degree still subsists, ought to be discouraged; it 
being impossible, by any means yet known, to obtain 
from them a colour fit for any other purpose than that 
of deception. 

Hitherto, the art of calico-printing has been confined 
almost solely to linens and cottons, which are suited to 
it, by being susceptible of a permanent union with co- 
louring matters, and especially with their bases, by only 
the common warmth of the atmosphere: and as this is 
' also the case of silk, there can be no doubt but this last 

might be made the subject of new and beautiful embel- 
lishments in that way, which, if properly executed, 
would undoubtedly become a tource of gratification to 
the public, and of profit to individuals. 
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VtTf latiely indeed a species of topical dyeing or stain- 
ing, very much resembling some parts of calico-printing, 
hs^ been iogeoiously applied to woollen stuSb, and par- 
liPMlarly those called kejrseymeres, for waistcoat patterns, 
&c. What I mentioned in a former chapter, of the ne- 
Qe3sity of a considerable degree of heat, tp enable the 
fibres of wool to receive and combine with colouring 
inatters, will afford some idea of the difficulty of apply- 
ing and fixing dUTerent colours in the form of spots or 
figures uppn woollen stuffs in it^is w^y by dyeing; the 
particular mode and means by which this difficulty is 
overcome, and the several colours fixed in the fibres c^ 
'Wool, are still kept secret as n^nqh as possible. How 
proper colours for this purpose .qiay be provided, either 
irom substantive colouring matters, or from the adjective 
x>Des, made into the form of a strong decoction, and 
mix^d with the proper mordants, (as in the instance 
which I lately noticed of a pro-sMbstantive yellow,) wiU 
be easily understood by those who may attend to what 
Jias been, or will be, explained in the course of this 
work; and such coloiirs being so prepared, and printed 
(Upon kerseymere, &c. in the usual ways, may be, as | 
have found on trial, and as I am informed they are,. 
,made to penetrate and unite with the wool, by placing 
the stuff so printed in the ^team of boiling water for a 
sufficient length of time, first wrapping it up in thick 
.paper, doubled or trebled, so as to exclude the moisture, 
so far at least as that it may not occasion the colours to 
.run beyond their proper limits. 

After this summary account of the origin, progress^ 
and nature of calico-printing, intended to illustrate more 
^dbtinctly the effects of the principal bases or mordants, 
-it will be proper here to take a general view of the facts 
which respect the application of these bases, for fixing 
and modifying different adjective colours, not by topical, 
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but by general dyeing, as well upon wool and sfflc, as 
oa linen and cotton. 

The two last of these, spun into thread or yam, and 
either woven or not, arc made fit for the application of 
a basis, by being boiled, for the space of three or four 
hours, in a solution or lye of potash or of soda, of suit- 
able strength; then spread for some time on the bleach- 
ing-ground; afterwards soaked in water, made sour by 
the addition of one-fiftieth, or sixtieth, of its weight of 
sulphuric acid, or oil of vitriol; and finally rinced tho- 
roughly in clean water, and dried. When thus prepared, 
if the aluminous basis is intended to be applied to them, 
perhaps there is no form in which it could be more 
eflfectual than that of the acetated aluminous mordant, 
though motives of economy have always induced the 
mere dyers of linen and cotton to employ cheaper pre* 
parations of that basis. The sulphate of alumine, or 
common alum, will indeed yield a part of its earthy 
basis to linen and cotton, when dissolved by water and 
applied to them; but it does this more readily when de- 
prived of its excess of acid by potash or calcareous 
earth; and it is in this way commonly employed as a 
mordant for linens and cottons. About four ounces of 
alum, with water sufficient to dissolve it, and half an 
ounce, or somewhat less, of potash, are commonly al- 
lowed for each pound of linen or cotton intended to be 
dyed; and the latter are to be macerated, &c. in this 
liquor, cold, or only blood-warm, until thoroughly and 
equally penetrated by it, and afterwards well rinced, to 
separate the superfluous or loosely adhering alum, &c.* 

* If, instead of the small proportion of potash here mentioned, 
so much of it, or of soda in its stead, were employed, as would suf- 
fice first to precipitate, and afterwards re-dissolve, the alumine, the 
fatter, being then in a triple combination with the acid and alkali. 



> 



Philosophy of Permanent Colours. 28S 

Cotton, treated in this way, commonly gains about two 
and a half per cent, additional weight by the alum, partly 
decomposed, which combines with it. But, where no 
white grounds are to be reserved, there are ways of 
separating the aluminous ba^s more advantageously, 
and applying it more efficaciously, particularly for mad« 
der colours upon linens and cottons, by impregnating 
them with olea^nous, astringent, glutinous, animal, and 
alkaline substances, which occasion an increased affinity 
or attraction between the fibres of the linen or cotton and 
the colouring matters; thereby forming, perhaps, a kind 
of cement, which renders them more fixed, and less 
liable to be acted upon and injured by tliose causes 
which generally destroy or weaken colours. These aux^ 
iliary means will hereafter be noticed in their proper 
places, and particularly when treating of the Turkeys 
red. 

Silk is to be impregnated with the aluminous basis, 
by macerating or soaking it only, during the space of 
ten or twelve hours, in a saturated cold solution of alum. 

To impregnate wool or woollen cloth with the alumi- 
nous basis, it is commonly boiled in water, with from 
one fourth to one-sixth of its weight of alum, and from 
one-twelfth to one-sixteenth of its weight of crude tartar, 
putting the latter first into the water, and, afterwards, 
the powdered alum: the heat of the water being gradu- 
ally raised, is kept at the boiling point for an hour and 
a half, or two hours, during which the cloth is turned 
through the boiling liquor on a winch, that the mordant 
may be equally applied; and being afterwards taken out 
and drained, it is commonly left until the next day, and 
then rinced in clean water, for dyeing. In the early coU 

would be less attached to either, and more readily, as well as co- 
piously separated, and united with the fibres of linen or cotton. 
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lection of recipes, printed in 1605, and already men* 
tioned, 9aur bran liquor is commonly directed to be 
employed in diis way with alum; and it seems to have 
answered die purpose of tartar, which, when it came tp 
be generally used in this way with alum, was supposed 
by the older dyers to do good by s^emng aad correct* 
ing the acrimony of the latter: probably, however^ tbe 
purposes which it answers, are not yet clearly asoertaiii* 
ed; one of them seems to be, that of increasing the 
solubility of alum, and enabling it aM>re completely and 
intimately to penetrate the fibres of the wool, with which 
it moreover enters into a permanent union, and theneby 
. contributes efficaciously to modify, vary, and in some 
cases to brighten the colours with which it is employed^ 
as will be seen hereafter. 

It was until very lately believed, even by those who 
had most knowledge of the subject, that woollen ckilh 
boiled in this way, with alum, decomposed the laiter, 
in a considerable degree at least, attaching to itself the 
Gilumine, though not without a small portion of the sul*- 
phuric acid in combination therewith.* Very recendy, 
however, MM. Thenard and Hoard (of whom, the lat- 
ter is director of the dyeing department at the imperial 
manufactory of the Gobelins at Paris,) appear to have 
acquired more correct ideas on this point, by a series 
of experiments, of which they have given a minute state- 
ment, in a memoir read at the Physical and Mathemati- 
cal class of the French National Institute, (see Ann. de 
Chimie, tom. 74, p. 267.) 

* Berthollet, tom. i. p. 80, after saying, that in aluming stuffs 
the latter decompose the alum, and combine with the alumine, 
whilst the acid which held it dissolved, separates and remains in 
the bathy adds, << Mab il ne faudrait pas conclure de Id, qu'aucune 
portion de Tacide ne reste dans la combinaison de i'etoffe oil elle 
pent avoir quelque influence sur la couleur." 
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These experiments were principally made with aluRi, 
acetate of alumine^ tartar, and the solutions of tin» applied 
to wool, silk, and cotton; and by these, it was fully as- 
eertained) that alum and cream of tartar do not decom* 
pose each ocher when dissolved in water, and boiled 
with wool, (a fact which had, indeed, been previously 
asserted by BerthoUet); that in this boiling, the wool 
combines with the alum, xvithaut decomposing it in any 
degree^^ and also with the tartar; that equal parts of alum 
and tartar would dissolve in two-fifths less of water, than 
would be required to dissolve them separately. 

They found that wool, as it is commonly cleansed for 
being alumedy was not deprived of the carbonate of lime 
naturally combined with it; and that this wool, being 
boiled the usual time, with one-fourth of its weight of 
idum, and one-sixteenth of its weight of cream of tartar^ 
rendered the bath, or water, troubled or muddy, and 

* It was completely ascertained, that wben wool had been so 
aiumedy the alum employed might be all recovered, partly from the 
bath or liquor in which the aluming had been performed) and partly 
from the wool itself, by repeatedly washing the latter in pure boil- 
ing water: commonly a dozen separate washings were sufficient to 
remove completely all the alum which had united itself to the wooU 
and the alnm, so separated, was susceptible of a distinct crystalli- 
zation, as if it had never been so employed. After the last of these 
washings, the wool or cloth, so washed, was found to be as incapa- 
ble of receiving colours by dyeing, as if it had not been alumed; and, 
indeed, before the kut^ it was always found, that the colour attempted 
to be d^ed upon it, was feeble, in proportion to the number of wash- 
ings which had taken place. 

It became evident, therefore, from these experiments, that wool 
or cloth boiled with alum (and tartar) attached to itself the unde" 
comfiosed alum only^ and that a decomposition of the Iditer does not 
take place until the subsequent operation of dyeing, when the affi- 
nity of wool, being assisted in the dyeing vessel, by the affinity of 
the adjective colouring matter, their co-ofieraiion separates the alu- 
mine, in a great degree at least, from the sulphuric acid. 
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produced (as is, indeed, commonly observed), a co|^iis 



white sediment, which being collected, tvashed, and ana- 
lysed, was found to consbt chiefly of a sulphate of Ume, 
and a saturated sulphate of alumine. That when wool 
had been properly cleansed, and deprived of its carbcK 
nate of lime, no sulphate thereof was found. Such wool 
or cloth, being boiled in pure distilled water, with the 
proportions just mentioned of alum and tartar, and the 
bath or liquor with which the boiling had been perform- 
ed being carefully evaporated, a residuum was found, 
consisting of alum, cream of tartar, and a compound, 
difficultly crystallizable, of tartrite of potash and animal 
matter. The wool itself, when so boiled, afforded, by 
repeated washings, alum, and a small quantity of cream 
of tartar, besides a very sour combinaticm of tartaric 
acid, alum, and animal matter. As the acid of tartar 
combines so cq>iously with wool, MM. Thenard and 
Board have inferred, that it ought not to be employed 
in this way with alum, except for colours which acids 
contribute to raise and improve; and among such co- 
lours they rank those of cochineal, kermes, and madder; 
but those of weld, logwood, and Brasil wood, not resist- 
ing acids as they suppose, wool, intended to be dyed 
from either of these, ought, as they think, to be alum- 
ed, without any addition of tartar. The accuracy of 
these opinions will be tried by (acts, when the several 
colouring matters here mentioned shall claim our parti- 
cular attention. 

These gentlemen did not find any advantage to arise 
by a prolongation of the boiling with alum and tartar 
beyond the space of two hours, nor by increasing the 
proportions of alum and tartar; but, on the contrary, 
thought they observed beneficial effects from a diminu- 
tion of them with weld, logwood, and Brasil wood, but 
not with cochineal, madder or kermes. Nor did they 
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find any benefit produced, by letting the wool or cloth 
remain some days in the liquor with which it had been 
boiled, as some persons have advised* 

From these experiments, MM. Thenard and Roard 
have thought themselves entitled to conclude, with ^^ cer^ 
titude^ que dans Talunage de toutes les mati^res anima- 
tes, i'alun se combine en entier avec elles, sans 6prouver 
aucune decomposition, et qu'il forme alors des combi* 
naisons plus ou moins solubles, qui ont pour les ma* 
ti^res colorantes une grande affinit6;" and they have 
made a similar conclusion in regard to vegetable matters, 
(i. e. linen and cotton, Sec); having found that the latter, 
when carefully alumed, might be completely deprived 
of every particle of alum, by fewer washings than silk, 
and by much fewer than wool, which had been so alum* 
ed. They found also that, (as with jtM*,^ and for similar 
reasons), it was always best to begin the dyeing of linen 
and cotton (when alumed) at a lotv temperature, and to 
keep the dyeing liquor considerably below the boiling 
point, until the colouring matters were enabled to at- 
tach themselves to the mordant, and produce an insolu* 
ble combination therewith-, previously to its being sub- 
jected to the action of boiSng water. 

These gentlemen, moreover, ascertained, that when 
acetate of alumine was applied to wool, silk, linen, and 
cotton, it combined with them entirely, undecomposed, 
like alum; but, being exposed to a warm atmosphere, a 
part of the acetic acid, from its volatility, soon evapo- 
rated, leaving behind an excess of alumine^ which could 

* Silk oaght Dever to be subjected to a bailing beat, either when 
the mordant is applied, or afterwards, in the dyeing operation; 
where a high temperature, besides injuring the texture and lustre 
of the silk, would detach and separate the mordant, before the co- 
louring matter could have combined and produced an insokiblc 
union with both. 
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not, like the mere acidulated acetate of alumine, be 
carried off by boiling water: a £EK^t which accords with 
the explanation lately given of the utility of thb i0m^ 
dant in caIico*printing. 

In regard to the solutions of tin, it appears, thai wool* 
len cloth, boiled with them in water, and the proportjon 
of tartar which is commonly employed in dyeing scar* 
let, combined with the acids, as well as with the oxide 
of that metal; and that by numerous washings after* 
wards with distilled water, boiling hot, all these matteisi 
were completely separated; and that by evaporating the 
washings, they were coUected in the fonn of tartaric 
acid, and muriatic acid, combined with tin; while the 
mother water contained (as was also ascertained by eva» 
porating it) tartrite of potash, acidulated tartiite^ and a 
very acid muriate of tin. It results, dierefiofe, from 
these experiments, that wool has no more pow^ to 
decompose the solutions cS tin, than it has to decom- 
pose those of alum; and that, when not assisted by the 
affinity of some colouring matter, te unites with both 
the tin and the acids, holding them in solution. 

The different solutions of tin, the best mc»ns and 
methods of producing them, and their respective e&cts 
in dyeing, will be noticed hereafter; and OKire especially 
when I come to treat of the dyeing of scarlet with co- 
cluneal, for which that metal was irst employed as a 
mordant, and with advantages sp remarkable, that the 
discovery of its use for that purpose, may be con^der- 
ed as an important ami in the history of this art. 

The mordants afforded by iron, when employed upon 
wool and silk, are commonly applied either subsequently 
to, or interchangeaUy with, the colouring matters in- 
tended to be fixed or modified by that basis, as will be 
more particularly explained, when the dyeing of black 
claims our attention. 



It will be ascertained hereafter, by my own particular 
experiments, that all the metals, properly so called, as 
6r as they have been fried, are capable of attracting ad- 
jective colouring matters in some degree, and of serving 
as bases to them; and this is also true of most of the 
earths; though none of them is so efficacious and useful 
in diis way as ahimine; indeed this, and the oxide of 
tin, seem to be the only bases suited, by their perfect 
whiteness^ to reflect the rays of tight so as to exhibit 
adjective colours with their utmost lustre and bright- 
mss, evory odier fattii^ sbon 6f these ift that respect, 
and abnost all of them appearing to sadden dr darken 
tlie colourft wlHeh they serve to fix. Probably, die 
oxides of ^nc afnd antimony do this less than any of 
the others: the fi^rmer, Ifowever, (zinc) does not appear, 
by my experiments, capable of giving mueh stability 
and ptrmanefMr|r to^ any cdbnr dyed with it. 

After this general explanation and BtuslaraUon of the 
properties and uses of mordants or bases in fixing and 
mo£fykig adje^ive colours, I shall next proceed to a 
pariieular inquiry conoeitmig their effects upon each ot 
iht more trnportant dyrtng ditigs of this elass, begin- 
niiig' widi those wMdi belong to the animal kingdom. 
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CHAPTER IL 

Of Adjective Colours from European Insects^ and prvn- 
cipaUyfrom the Kermes, or Coccus lUcis^ lAnn. 

** La laiae et l» mm qui aovCnraent plotM dutlearMldoiir natePfiHci Unufkit^ 
^ de I'aget que I'espiit de I'homme et la pditesie da nicla, n^auroient qa'im mMioere 
" eonnneree, n la tdnture ne leor doonoH dcs agr6iiieoa qui let font rediereher ct 
^ dearer, mkmt par let natloM tcs.ploa kariMm."* . "' 

CoLBUiT, Intiruction ghiiralt pour la TeitOure, Uc, 1^7% 

Among animal adjeetioe ccrfours^ tlie ktrmeg are enti* 
tied to our ^rf^ notice, because they appear to have been 
used for dyeing at a very early period; and, like the 
murex and buccinum, were probably first eftiployed for 
that purpose by the Phmmeians. Being unacquainted 
with the oriental languages, I can only adduce to this 
point the opinions of others, better qualified than myself 
in that respect. One of these is Professor Tychsen, (quo- 
ted by professor Beckman, v<^ ii. p. 185 of the £i^- 
lish translation of hb History of Inventionst) who says, 
that among the Hebrews, the kermesdye was mentioned, 
under the names of ** tola schanij or simply tola^ by their 
oldest writer, Moses;" that <^ tola is properly the worm^^ 
and that ^'the additional word schani^ signifies either 
double dyed, or, according to another derivation, bright, 
deep, red dye;" that for the shell ^^ purple, the orientals 
have a particular name, argaman ar*argevan^ which is 
accurately distinguished from /a/n;" — *' all the ancients, 
therefore, translate the Hebrew word tola by xowmc, Ker- 
mes, zehpri, and zehorito, (deep red, bright dye,) which 
words they never put for argaman." After these and other 
observations, he concludes, that *' the scarlet, or kermes 
dye was known in the East, in the earliest ages before 
Moses; and was a discovery of Phcenicians in Palestine, 
but certainly not of the small wandering Hebrew tribes. 



>% 
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That ^^ tola was the ancient Phoemcian name used by 
the Hebrews, and even by the Syrians; for it b employ- 
ed by the Syrian translator, Isaiah, chi^>. i. v. 18.*' — 
*^ Among the Jews, after their captivity, the Aranutan 
word zehori was more common." 

Bischoff also maintains, that the kermes red dye was 
meant by the Hebrew words tholaat schani, in several 
parts of the Old Testament. It may, therefore, be assu- 
med, that the colour which is meittioned in Exodus, 
chapters zxvL xxviii. and xxxix. (as one of the three 
which were prescribed for the curtains of the tabernacle, 
and for the ** holy garments" for Aaron,) and which the 
English translators have rendered by the word scarlet^ 
(as they have done in other parts of die Old Testament) 
was no other than the blood-red colour, dyed from the 
kermes. Indeed the colour now denominated scarlet, and 
dyed from coehinealj upon a tin basis^ had not been dis- 
covered when the last English version of the Bible was 
made, in the reign of James the First. 

The Greeks a]^>ear to have obtained a knowledge of 
the kermes, and their use in dyeii^, at a much later pe- 
riod; and we find this insect denominated mmm; ficb^mn 
by Dioscorides, iv. 48, p. 260, and by otlier Greek wri- 
ters: whence the Latins derived their names of coecum 
or coccus, with the addition of infectoris, or infectorium. 
Pliny, as I have noticed at p. 93, mentions the kermes 
as being sometimes employed, coojoindy with the colour 
of the murex and buccinum, in producing a sort of pur- 
plish crimson, called by the Romans hysginus. He adds, 
upon that occasion, that this drug was brought ftoxa 
Galatia, or from the vicinity of Emerita, in Portugal, and 
that the loiter was the most commended.^ And again, 

* ^ Coecum Gfralads rubent ^anwni* — ^ aut circa Emerham 
Luatant»,in masima laude est." Plin. Hist lib. ix. c. 41. 
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i» \aa 16di tMok^ chifMef iitti.^ idter ^eMiibing varimis 
usm or ptodtietd <if fte crib, lie menlaMs tke csMeuw, 
or karmes, a» being fha most excelleiilif flMkig, fiiaf k 
k M excrescence, produced upon the stcsiff ^ a eflian 
shrub, called the t/ipx aquifoliafr-'-bM of •HclMttkK% itet 
the people of Spam are enabled c^ dkcfaarge faaif ttieir 
tribute bf jc; atid liun it » atso produeed in Gakrtfai^ 
Africa^ Pisidiay <ie. Lastly, PfiAy, i» the second chapter 
of bis turenty^aecoiid book^ after Mtibkig Ae greac im^ 
prov^ments whicfa had been then Feeesdy made in tihe 
art of dyeing, mentions (while he professed te^pass ov^r) 
the grains brought from Gaktift, Africa^ and Poifugah 
and approfnaUdfi^ Ageing the imperial foAor, Ito** 

The ncientsf had but very incorreet notions of the 
kennes^ many suj^posing them to be the graifts or fruit 
of the ilex. Th^ aanr, indeed, that inseeis Were viA- 
motdy evoifcd or praducssd from' them^ b«Pt believiDf^ 
as they did, diat insects miglM be spontaneously genera* 
ted by corruption^ this evolntieo did not itgptM incom* 
patibk widk fbeir soppositioiiy that the kermes was- pro- 
perly the grain, or beny, of die tree onp whieh it wm 
fiMind* 

From <be mmie of eoceum or cocetiB^ doAr dye^ red 
with kermes was designated by the substantive coeci* 
mim,. and the adjective eoecinus^ or coccinewsf and 

* « Atquc ut 8ilfianMU» Galoisae, frtoBy Imuuxom gnsrisy cao 
cum imfieratorus dkatum paludamentia,'' &c. 

t Corresponding designations were given in the ori^al Greek, 
as well as in tlie Latin version of St Matthew, xxvii. v. 28, to th6 
ro6e wincK our transhnors denominate scarlet^ and with which the 
soldieni elotbed aad dtrklid Jemi^^ when hamg ^ plkt«ed a- crowA 
of thorns, thej put it upon hiir head» and a. reed in bis tight lwtt4 
and they bowed the knee before him, and mocked him, saying, Hail, 
king of the Jews/' The &ct shows, that the kermes red was then 
considered as an attribute of royc%. 
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pOPMM wetmig Mch dodi were stid to be eoccmeOi^ 
Meonfog lo the IbBowing Uw of Mairtial, viz. 

^ Qni oormti^tot noo f utat viroe eiss.'* 

ilnviU kaire been wen, by the passages whieh I have 
reeenllf quoted from Pliny, iluiit the appeUation of 
gnmum was given bjr hitn to the kermes insect, <!oiA)t- 
kss from it^ resemblance to a grain or beny; and thb 
appellation has been continued by succeeding writers*, 
and, doubtless, oecasioned the c^dours dyed fit>m the 
kffrmes to be called grmn^ or ingrain colours, as those 
of cochineal afterwards were, from a similar mistake, 
which for some time subsisted, concerning the nature 
of that inflect* 

By a succession tof observations, however, it seems 
to have been ultimatdly ascertained, that the worm or 
insect was the most important part of the supposed 
gmtn or berry in producing the kermes red, and, there- 
fone, in what have been cidled the midtfle ages, this 
production was frequently denominated vermiculus^ or 
verndailum^ and the doth dyed with it vermiculata; 
and hence ultimately originated the French word ver- 
tneUj and that of vermilkm derived from it. 

The Spaniards, and through them the other nations 
of Europe, appear to have obtained the name of kermes 
from the Arabiana, who, according to their own ac- 
counts, were made acquainted with it, as well as the 
substance, by the Armeniansf and Persians, among 

* In modem times, the keitnet have been called by the Itfdians, 
grana da tmtorti b^r the Spaaiard% jTona de tinctore4i hj the French, 
^aine (Tetcarlatei and by the English, kermes berries. 

t Beckroan says, that J. Beithar^ in Bochaxt IScroziHcwh ii* p- 
635, calls kermes an Armenian dye; and that the Arabian lexico- 
gi*aphers, from whoni Giggeua and Castellus made extracts, ex- 
plain the kindred word ioirmaaalf (ooccincus sen vernucttlaUis).as 
an JirmemoH word. It is notorious that the insects in question 
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whom (as has been mentioned by Dioscorides, Dodks 
neuS) and others)-kerme8 was an indigenous production, 
and had for many ages been employed in dyeing. By 
thus adopting the name of kermes, the Italians after- 
wards produced from it the words chermm^ eremetmo^ 
and chermesino; and the French those of carmesin, car^ 
mine, and cramoisi; whence the £ngliah word crimson 
was borrowed. 

The origin or derivation of the name escarlatum, scar- 
letum, scarlata, squarlata, scarlatina, or scharlatica, from 
which the French escarlate or icarlale, and the English 
scarlet have been formed, is more uncertain: Pezronius 
thought it of Celtic extraction; and that it signified ga* 
laticus rubor. (See Antiq. Celt. p. 69.) But according to 
Beckman, Stiler asserts that scarlaeh is a German word, 
compounded of sehor^ fire, and lacken^ cloth; and con- 
sequently that it signifies fire-coloured cloth: while 
Reiske, on the contrary, derives the words in ques- 
tion from the Arabic scharaly meaning the kermes dye. 

It may be observed in favour of Stiler's assertion, 

have long been produced and employed for dyeing, boih in Ar- 
menia and Persia; and that they were there called kermet^ may 
be proTed among other testimonies by the following extract from 
Sir John Chardin*s account of Persia, published in Harris's Collec- 
tion of Voyages, where, treating of MetUoj he says, «< they gather 
cochineal, though in no great quantity, nor for any longer time 
than eight days in sununer, when the sun is in Leo; for before that 
lime the people say it doth not come to maturity; and after it, the 
vform from which they draw the cochineal, makes a hole in the leaf 
in which it grows, and is lost. The Persians (he adds) call tochi- 
neal kermes from kerm^ which signifies a worm, because it is ex- 
tracted out of worms.** It can hardly be necessary to remark, that 
the term cochineal b here improperly used, and that nothing more 
is meant by it, than the colouring matter of the kermes; which con* 
tinues, according to the best information that I can procure, to be 
employed in a great part of India, as well as Persia, particularly 
fhr the dyeing of silk. 
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that die keniies red has in different ages been compared 
to tlic colour of fire. I have aeen the words " ardenti 
radiabat Scipio cocco^** in some of the Latin classics, 
though I cannot recoUect which. And Bi:»choiF, on the 
authmity of Muratori,* mentions an old charter or con- 
tract passed in the year 1194, between the cities of Bo- 
. iogna and Fcrrara, by which a duty was to be levied in 
the former of these cities, upon the grana de Brasiley 
meaning kermes, (and upon indigo); and he adds, that 
these Braailian 'grains, and also Brasil wood, are men- 
tioned in other old charters, particularly one dated in 
1196, and anot4ier in 1306, under the name of BraxiHs; 
and he coneludes, with great probability, that this, and 
the word irBsitiSf were derived from bragio^ a burning 
eoals in thcFrench braise: and we shall accordingly find 
hefeafter, that red dyeing woods, similar to that now 
QsiitABraM wood, were distinguished by that name, 
before any such wood was known or suspected to be 
produced in that part of America now called Brasil; and 
that this name was given to that country many years af- 
terwards,* when the wood came to be thence imported; 
and consequently that the country obtained the name 
from the wood, and not the wood from the country. 

At what time the words from which our scarlet was 
•derived were first used, cannot, I believe, now be accu- 
rately ascertained; the most early employment of them, 
of which I have found an instance, is that which Beck- 
man has quoted from the Historia Gelrica Pontani, 
(Hordervici 1639,) in which, about the year 1050, the 
emperor Henry III. conferred upon the Count of Cleves, 
the Burgraviate of Nimeguen, on the condition of his 
delivering to him annually three pieces of scarlet clofh, 

* Dissert de Mercatibus et Mercatum Baeculomm rudiumy torn. 
U.-»Annquitat diss. xxz. p. 898. 
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made of English wool (^* tres pamios scarkikM mgUc^ 
nos.^^) Beckman also refers to a document in Lunig's 
Codex Diplom. Germaniae, ii« p« 1739, by which the 
emperor Frederick, in 1217, conferred on the Count of 
Gueldres, the hereditable jurisdiction of Nimeguen, ob> 
condition that he and his successors, " de eodem telo» 
nio, singulis annis tres pannos scariacof bene rubeos 
anglicenses ardentis coloris assignare^ deberet*'' The 
selection of English cloth, in these instances, demon*- 
strates the high estimation in which it was held even at 
those periods. Beckman also refers to ** Gervasii Tilb^ 
riensis Otia Imperialia ad Ottonem iv. Imperatorem, 
iii. 55;^* a work written in 1211, in which the author 
alluding to the kermes says, *^ Vermiculus hie est, que 
tinguntur pretiosissimi regum panni, sive ^eraci, ut ex- 
amiti, sive lanei, ut scharlaia.^* And he then mentions <t 
as wonderful that neither linen, nor any other vegetable 
substance, would permanently take this dye, ** sed sola 
vestis quae ex vivo animanteqae, vel quo vis antiMlo 
decerpitur." He afterwards mentions the shrub on which 
the'kermes were found, and, like Dioscorides, comparas 
the latter to peas^ in regard to their shape and stae; 
adding, **cum enim tempus solstitii aestivi advenerit, 
ex seipso vermiculos generat, et nisi corib subtiliter 
consutis includerentur, omnes fugerent, aut in nihiluoa 
evaneacerent Hinc est quqd vermiculus nominatur, 
propter dissolutionem quam in vermes facile &cit, ^x 
natura roris maialis^ a quo generatur; unde et illo tan- 
tum mense coUigitur." We see by the latter part of this 
extract, that the kermes were not at that time, as at pre- 
sent in France and Spain, kiUed by being sprinkled with 
vinegar and dried in the sun; and therefore, to prevent 
their ultimate escape, they were secured by being put 
into leathern bottles. 

Besides these instances oS the early mention of scflr- 
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Itt, it oocwi in several books, written in. the thirteenth 
century; such as the History of Spain, by Roderick 
archbishop of Toledo, (lib. vii. 1.), which was finished 
in 1243;, and in some quoted by Vossius, " de vitiis 
aermonk, 4^." Others might be added to these, were 
they necessary. 

At the periods when the terms escarlatum, &c. were 
thus employed, the art of dyeing purple from the murex 
and buccinum was lost in the western empire, and the 
kermes dye, which in former times had been almost as 
much esteemed, was become pre-eminent and unri- 
Tailed; and so it continued, until the introducti<m of 
cochineal, from America, (to be noticed in my next 
chapter) which has, in great degree, put an end to the 
use of kermes in Europe, though the acorn-bearing 
shrub, which the ancients called ilex, (and which, in 
the Linnaean system, is denominated quercus coccifera,) 
still grows, and furnishes these insects, in all the coun- 
tries mentioned as formerly [H*oducing them; and though 
the insects themselves continue to be employed in other 
piarts of the world, and with great reason, for in truth 
they are capable, as my own experiments prove, of giv- 
ing every colour which can be obtained from cochineal 
with equal beauty and vivacity, and perhaps with even 
greater permanency. / 

The first volume of the Philosophical Transactions 
contains a paper, written by M. Verney, then of Mont- 
pellier, respecting the natural history of the kermes; and 
M* Reaumur afterwards described them very minutely 
in the fourth volume of his '* M^raoires pour servir i 
I'Uistoire des Insectes." But the most useful informa- 
tion on this subject seems to be that which M. Chaptal 
lately gave to M. BerthoUet, and which he has pub* 
lished in the second volume of his ^* £16 mens de PArt 
de la Teinture." By his aK^count, the male insect passes 
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from its vermicular state, through the usual forms, itit^ 
that of a fly with four wings; though the female never 
acquires any wings, but fixes herself on a leaf of the oak, 
where, being impregnated by the male, her size gradu* 
ally increases (as the eggs enlarge) to that of a juniper- 
berrv, and she at the same time becomes of a reddish 
brown colour. When the eggs are on the point of hatch- 
ing, the females should be collected, and exposed to the 
steam of vinegar, to kill tliem, and prevent their young 
from being brought forthr and afterwards they should 
be dryed, by being spread out on cloths, by which treat- 
ment they acquire the colour of red wine. M. Chaptal 
says, that a single person may collect from one to two 
pounds of kermes in a day. But it would require ten or 
twelve pounds to produce the effect of a single pound of 
cochineal; and as the kermes, probably, could not be ob- 
tained in any quantity for less than half-a-crown the 
pound, the colour which they afford, would prove more 
costly than that of cochineal, at the price which the latter 
has commonly borne previous to the present war. 

Hellot tells us, chapter xii. that the red draperies of 
the figures exhibited in the ancient Brussels and other 
Flemish tapestries, were all dyed from kermes, and that 
this colour, which in many of them has subsisted more 
tlian 200 years, has lost but very little, if any, of its ori- 
ginal vivacity: and Beckman represents this as being 
true of some pieces of tapestry, which are believed to 
have been dyed with kermes as early as the twelfth cen- 
tury. The fine red or crimson colour of these tapestries, 
which was originally called simply scarlet, took the name 
of Fenetian scarlet, after the cochineal scarlet upon a tin 
basis was discovered, because, as Hellot mentions, it 
continued to be extensively dyed at Venice, Ipng after it 
had become unfashionable in other parts of Europe; 
though it appears, from my own particular exjieriments, 
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that if the keraies, like the cochineal, had been employ* 
ed with a solution <^ tin by nitro-muriatic acid (instead 
of alum), a colour might have been obtained, which it 
would have been difficult, if not impossible, to distin* 
guish from the cochineal scarlet. 

To dye the Venetian scarlet, the wool, according to 
Hellot, was first boiled for half an hour in water, with 
about its weight of bran, tied up in a bag; it was then 
removed into another ' vessel, and boiled two hours in 
water acidulated by fermented bran liquor, with a fifth 
of its weight of Roman alum, and half as much red 
tartar; leaving the wool, after taking it out of this vessel, 
moistened with the same liquor, during six days; at the 
end of which, it was dyed in clean soft water, with 
powdered kermes, allowing twelve ounces of the latter 
for each pound of wool, and even sixteen ounces, if the 
kermes had suffered by age.* 

When the very extraordinary effect of a solution of 
tin, in giving vivacity and lustre to the colour of cochi*. 
neal, had been discovered, (as will be mentioned here- 
after,) it might have been expected, that the influence of 
this mordant upon the kermes colour would have been 
tried, as a matter of course, but I cannot any where find 
that this was d(me; and it was not until I had d3red broad- 
cloth in the way, and with the means commonly em- 
ployed to produce the scarlet colour, substituting only 

* Id a letter written by Mr. William Kirkpatrick to Dr. Ander- 
son, lately Physician-General in the service of the Ea8t*lndia Com- 
pany, and dated Hyderabad^ June Uth, 1796, 1 find the following pas- 
sage, viz. <<The silk-dyers at this place do not know how, I believe, 
to produce a scarlet. To dye a prime crimson, they employ, to one 
seer of silk (fresh and white) one quarter seer of kermes, one quar- 
ter seer of alum, and one quarter seer of flowers of pisteb (pistachio,) 
which I take to stand in place of the gall. The enclosed is a speci- 
nfen of their prime crimson." If this account of proportions be accu- 
rate, the kermes of India must yield more than twice as much co- 
lour as that of Europe. 
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kermes for cochineal^ in the proportion of twelve otineeii 
of the former for one of the latter, that I satisfied myself 
of the practicability of dyeing with the kermes a scarlet 
colour, in every respect as beautiful and estimable as anjr 
which can be dyed with cochineal; and, consequently, 
diat if the mordant from tin had been properly employed 
with the kermes, there could have been no reasonable mb* 
tive for giving a preference to cochineal, uidess it was 
found to be ultimately cheaper than the kermes, by rea^* 
son of the much greater proportion of colouring matter 
afforded by it. 

Cotton being topically impregnated with the acetate 
of alumine, as for calico-printing, and one-half of it being 
dyed with kermes, it took a full bright crimson, as the 
other did at the same time with cochineal; and the co* 
loqrs so dyed, (which in appearance were exactly simi- 
lar,) being washed and exposed to the sun and air, ma* 
nifested a considerable degree of permanency, though 
not sufficient to make it proper to employ them in this 
way, without an addition of madder; the yellowish red 
colour of which is greatly improved by the bright crim- 
son of either of these insects. I have thought, in this and 
other experiments, that the colour of the kermes was a 
little more durable than that of the cochineal; not from 
a difference in the colouring matters of the insects, but 
from the astringent vegetable matter, or juice of the oak, 
which always accompanies the kermes. 

Subsequently to my former edition, I procured, a 
very sufficient supply of kermes from the South of 
France, and have ^ied them with nearly all the metallic 
and earthy bases or mordants, and always with very 
nearly the same results as were obtained with the like 
bases or mordants from cochineal, and of which an ac- 
count will be given hereafter; and I conclude, therefore, 
that the animal part of the colour of the kermes is ex- 
actly similar to the colour of cochineal. 



Fkdo$ophf ^fFermmeni Colours. 303 

Art. IL Cocctts PoUnicuo. 

This is a small round insect, in many respects similar 
to the kermes, and employed for nearly the same pur* 
posesi until the introduction of cochineal caused the use 
of it to be ' abandoned, at least in the greater part of 
£urope. It was mostly collected in the Ukraine, and 
other provinces of Poland, (under the name of Czer* 
wiec^) and also in the great duchy of Lithuania, from the 
roots of the German knot grass^ or perennial knawel (sole* 
ranthus perennis, Linn.) The male only, by a transforma- 
tion similar to that of the male kermes, becomes a fly, 
tfiough with but two wings, which are white, edged 
with red. The females being impregnated by the male, 
enlarge their size, and become ready to bring forth their 
young soon after the summer solstice, at which time 
they abound most in a crimson juice, which even now 
is much esteemed and employed by the Turks and Ar- 
menians for dyeii^ wool, silk, and hair, and also to 
stain the nails of women's fingers. Wool and silk were 
prepared to receive this dye with the same mordant (of 
alum and tartar) as that used for the kermes. Several 
writers have mentioned the coccus polonicus (sometimes 
called the cochineal of the north); but the best account 
of it seems to be that given by Breynius in the Act. 
Natur. Curiosor. of the year 1733. There is also an ac- 
count of it in the Phil. Trans, for 1764, p. 91. Some 
writers have imagined, that the Latin, Italian, and French 
words, signifying crimson^ were more particularly applied 
to the colour dyed from the coccus polonicus; but I do 
not find sufficient reason for adopting that opinion. 

Very similar to the coccus polonicus is an insect, 
which in many parts of Europe was formerly collected 
from the roots of the Burnet, (poterium sangui sorba, 
Linn.); and which was used, particularly by the Moors, 
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for dyeing wool and silk of a rose colour. Ray, in des- 
cribing this plant, says, ^^ Hujus radicis adnascitur qui- 
busdam in locis granum rubrum^ quo utuntur tinctores 
ad colorem carmesinutny unde sunt qui pro cocco habent, 
et coccum radicum appellant/' &c. Hi&t. Plantar. 401. 
The coccus uvas ursi, Linn., is another insect oi the 
same order, and very much resembling the coccus polo- 
nicus, both in its properties and form,' excepting, the 
circumstance of its being nearly twice as large. It affords 
a crimson dye with aium» but is now seldom employed. 
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CHAPTER III. 
Of the Natural History of Cochineal. 

*' Oar T»lKes yield noty or bat ipflriDg yield 

" The dyers* gay materials. Only veld, 

<* Or root ofnuiddtry here, or purple voad, 

'* By which our naked anoeitora obaenr'd 

" Their hardy limbs, inwrought with mystie forms, 

« Like Egypt's obelisks.'* 

Dnii* 

Th£ oochineal, or coccus cacti of Linnaeus, is arrang- 
ed among the ^' Insecta" of the fifth class of that great 
naturalist; and in the second order, comprehending the 
*^ Hemiptera," (half-winged insects, &c.) The body of 
the male is slender, of a red colour, covered by two 
wings, spread horizontally, and crossing^ each other a 
kittle on the back, and enabling him to fly, or rather 
flutter. The head is distinct, but small, with two diver- 
ging slender antennae; the abdomen or tail is terminated 
by two small and very long diverging hairs;, he has six: 
feet, with which he sometimes jumps, like the lacca in- 
sect; and hence Linnaeus has applied the term ^^ salta- 
toria," as one of his distinguishing characters. The male 
insects 9K but seldom found among the cooluneal sent 
to Europe. The back of the female is hemispherical, and 
crossed by numerous wrinkles; she is of a dark reddish 
brown colour; her mouth is a small tubular projection 
from the thorax; she is without wipgs, but has six legs; 
these, however, only serve her to remove duritig a short 
interval immediately succeeding her birth; after which 
they become useless, and ceasing to grow, whilst the 
body enlarges gready, they, with the proboscis and an- 
tennae, remain so small as to be afterwards hardly percept 
tible, at least without a very minute inspection. Tins cir- 
cumstance probably occasioned, and certainly confirmed, 

Vol. L 2 Q 
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the belief which prevailed very generally in Europe, du- 
ring' a considerable number of years, that these insects 
were vegetable grains or seeds.* 

The cochineal is nourished, perhaps exclusively, by 
some of the different species of the cactus ^ or Indian fig, 
(called by some of the prickly pear,) a genus of plants, 
of which twenty-eight several species have been descri- 
bed, all originally found in America only; of very differ- 
ent forms, and producing fruits of various colours when 
ripe, according to the species on which they respectively 
grow, aB yellow, red, crimson, purple, violet, green, 8cc. 
Among these, the red or crimson-coloured fruits more 
especially contain a mucilaginous juice, which commu- 
nicates the colour of the fruit in a high degree to the 
urine of those by whom it is eaten. That species on whtdi 
the domesticated cochineal has been commonly propa- 
gated, is denominated cactus cochenillifer or coccinilifer 
by Linnaeus. But the insects live naturally, in their wild 
state at least, t)n some of the other species, particularly 
the cactus tuna, cactus opuntia, and cactus pereskia; all 
of which, as well as the cactus cochenillifer, belong te 

* Caneparitts was deceived in this way. He hlid been iaformedj 
Uiat the cochineal consisted of insects coUected from plants of the 
cactus kind by the help of forceps, and smothered^ butiie conudere4 
this as fabulous, asserting that the cochineal, which he calls ^ ka- 
baainii grana^** if steeped in hot water, recovered their originalform^ 
which, adds he, is not that of any thing animalcular, but distinctly 
the figure of a seed or grain of some froit. *< Noo est ultios anima- 
Innculi, at seminis sive grani fntctus figuram refert. Quare hxc 
grana sunt ficus Indicse rubra et splendida ut sanguis/' He had 
heard that the fruit of the cactus " Tlufi^," or Indian fig, was red, 
and that it tinged the urine of those eating it, of a blood colour, 
which encouraged him to conclude as he did, that cochineal must 
be the seeds << ^uiua tunm;**-^^^ pro colore, carbUino vulgo chrendae 
conficiendo tinctpiibus commodo.*' See Caneparius, De Atramentis, 
See. Venice, 1619. p. 31 1, 312. 
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that section of cacti which Linnseus distinguishes as 
^* opuntise compressse, articulis proliferis/' u e. flattened 
or compressed with prolific articulations. The cactus co- 
ehenillifery however, which the Mexican Spaniards call 
nopal, b alone cultivated for the purpose of feeding and 
breeding these insects; pardy becauae^s is unarmed, or 
without those offensive spines which beset most of the 
•ther species. 

The Spaniards, on .their first arrival in Mexico, about 
the year 1518, saw the cochineal employed, (as it ap- 
pears to have been long before,) by the native inha- 
bitants of that country, in cplouring . some parts of 
Aeb habitations, ornaments, &c. and in staining th^ir 
cotton; and being struck with its beautiful colour, some 
accounts of it were given to the Spanish ministry, wjio 
in the year 1523, (as Herrara informs us) ordered jCortes 
to take measures for multiplying this valuable commo* 
dity;^ but as the Spaniards then in America were care- 
less of every thing but gold and silver, they left this to 
be done by the natives, who, from the large supplies 
soon after sent to Europe, appear to have successfully 
employed themselves for that purpose. 

It is remarkable, that though Acosta had stated the 
oochineal to be an insect, as early as- 1530, and th<xigh 

* Herrara does not use the name of cochineal, but that oigrana, 
(as other Spanish writers have since done); and he says, (Decade, 
iii. V. 3.) the Catholic King had been informed that these grana 
were abundant In that part of America, and that the sending them 
to Spain might famish means for piqrtng the ccniridutiofu^ &c«:— 
they were probably then supposed to resemble kermes. I have not 
been able to ascertain the origin of the term cochineal, or cocci- 
silla, nor the time when it was first applied to these insects: per^ 
haps, as they were smaller than the kermes, the term cocciniUa 
was intended as a diminutive of coccumj as plattna was of Plata, and 
both employed from, similar motives; perhaps, aiso, it may have 
^en erroneously supposed to belong to the genus coccinilla, or 
lady-bird. ^ 
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Herrara and Hernandez did the same afterwards, these 
opinions were generally overlooked qx disregarded, and 
the peo{>le of Europe were for many years induced to 
believe, that this insect was a vegetable grain or seal, 
as I lately mentioned; a contrary ojnnion was, indeed, 
given by the anonymous author of a paper, in the third 
volume of the Philosophical Transactions, (printed in 
the year 1668,) in which he supposes cochineal to be 
an insect, ** engendered*^ by the fruit of the prickly pear; 
and being a believer of equivocal generation, he pro* 
poses to employ fermentation as a means of ei:^;endoring 
and multiplying these insects more copiously. 

In the year 1672, a paper written by Lister, was pufah 
lished in the seventh volume of the PMloac^hical Trans* 
actions, concerning the kermes, in which he ^^ conjee* 
tures cochineal may be a sort of kermes/' And the 
seventeenth volume of the Transactions, published in 
1691, contains some observations concerning the mak* 
ing of cochineal aecording to a relation had from an old 
Spaniard at Jamaica, who says, ** Cochineal is the same 
which we call lady-^bird, aUfts cow-lady,^ which at first; 
appears like a small blister, or little knob upon the leaves 
cf the shrub on which they breed, and which irflerwards, 
by the heat of the sun, becomes a live insect as above, 
or a small grub.'' 

Early in 1693, Father Plumiier wrote and subscribed 
a dechuratioq, which he delivered to Pomet, affirming 
ooeUneal to be an insect li^ii^ on the opuntia or Indian^ 
fig, and that he had seen it in tlie island of St. Domingo; 

* The lady-bird, or cow-lady, has long been distingaished by the 
generic name of cocdnella; a fact which may have occasioned seve- 
ral mistakes. It seems to have misled Professor Fischer, when, in 
1758, he proposed to propagate the lady-bird or fiy, by placing it 
on the kermes oak, and the perennial knawel, in order to prodQce 
cochineal in Europe. 
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and De Laet had some little time before described it as 
feeding on the tuna. Pomet, however, misled by the 
prevailing opinion on this subject, as well as by several 
letters which about that time were sent to him from St. 
Domingo by F. Rousseau, adopted the fallacious ac- 
counts of this letter- writer, (who promised to send over 
to France some of the very plants whose seeds, as he 
asserted, afforded the true cochineal,) and described 
this drug as the seed of a plant, two or three feet high, 
bearing pods of a conical form, iii which the cochineal 
grew naturally. (See Hist. Gen. des Drogues, Sec.) 

But, groundless as this account was in resdity, it ob- 
tained so much credit, that no longer than four years 
since, a very eminent dyer of this metropolis seriously 
told me, that having bought a large parcel of cochineal, 
he actually found among it one of these conical pods, 
containing cochineal naturally attached to the inside of 
the pods. 

Lewenhoek, however, by his glasses plainly saw, that 
the cochineal was an insect with six legs; and in a letter, 
read at the Royal Society the 21st of March, 1704, and 
published in the 24th volume of the Transactions, he 
positively contradicted all those who had represented it 
as a vegetable grain; and declared that, by dissections, 
he had invariably found eggs, or animalcula, in the sup- 
posed grainst ^^ oA^n to the amount of two hundred 
in each. He also represents these insects as ^* not pro* 
duced from worms," but as ^^ at once bringing fordi 
their like." 

About the year 1730, Dr. Rutty, then Secretary of the 
Royal Society, published a Natural History of Cochi- 
neal, (in the 36th volume of the Transactions,) from a 
work on this subject by Melchior de la Ruiischer, of 
Amsterdam, who had procured from Antiquera, in New 
Spain, the depositions of eight persons, who had been 
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actually employed for many years in the breeding and 
management of cochineal, and who' swore that diqr 
were small living animals widi *^ a beak, eyes, feet," 
8cc.; and the originals of these depositions, notarially 
authenticated, were depoated in the arcMves of the 
Royal Society.^ Not long after this, Reaumur, in his 
des Insectes, and Dr. Brown, in his History of 
I, described the female cochineal with sufident 
accuracy; as did Linmeus some time after, firom some 
which had been sent to him by Rolander from Surinam, 
in the year 1756;t though neitlier of diese naturalists 
had ever seen the male cochineal. 

About the beginning of the year 1757, the late John 
Ellis, Esq. F. R. S., hearing that the cochineal inaeet 
bred in great abundance on the cactus opuntia, in South 
Carolina and Georgia, %vrote to Dr. Alexander Garden, 
of Charleston, South Carolina, for some of the joints 
of that plant, with the insects thereon, which wtre ac- 
cordingly sent the latter end of that year, and laid be- 
fore the Royal Society. ^^ These specimens (says Mr. 
Ellis) were full of the nests of this insect, in which it 

* These depositions were juridically taken in October, 17S5, to 
decide a wager on this sabject, which wager u said to have amount- 
ed to the whole fortune of the loser, though the greater part of it 
was afterwards generously restored, after having been paid. De 7a 
Knuscher's publication was intitled, *^ Naturlyke historie van de 
Gouchenille, beweezen met authentique documeDteB;** primted at 
Amsterdam, by Hermanos Uytwerf^ 1739. 

t Rolander had been one of Linnaeus's pupils, and having sent 
to the latter a cactuM^ stocked with the vdld cochineal insects, (there 
being no other at Surinam), the plant was brought to Upsal whilst 
the Professor was delivering a lecture, and when he afterwards in- 
quired for it, the gardenef told him, he just cleaned away the v^r- 
min^ which he supposed the cochineal to be, and had planted it. 
And as none of the insects could be found alive, Linnacus*s descrip^ 
tion must have been made from those which were dead. 



FUJo$ophy of Permanent Colours. 311 

appeared in its various states, from the most mimite, 
when it walks about, to the state when it becomes fixed 
and wrapt up in a fine web, which it spins about itself. 

^^ In <Htler to find out the male fly, (continues he,) I 
examined all the webs in these specimens, besides a 
large parcel which the Doctor had sent me picked off 
fix>m the plants in Carolina, and at last discovered three 
or four minute dead flies with white wings* These I 
moistened in weak spirit of wine, and examining them 
in the microscope, I discovered their bodies to be of a 
bright red colour, which convinced me of their being 
the true male insect. To be confirmed in my opinion, I 
immediately communicated my discovery to Dr. Gar- 
den, which I accompanied with an exact microscopical 
drawing, and desired he would send me some accoUtat 
of their economy, with some male insects of his own 
collecting; which he did, in the spring of the year 1762, 
accompanied with the following observations: 

^^ In August 1759, (says Dr. Garden), I catched a 
male cochineal fly, and examined it in your aquatic 
microscope. It is seldom a male is met with. I imagine 
there may be one hundred and fifty or two hundred 
females for one male. The male is a veiy active crea- 
ture, and well made, but slender in comparison of the 
females, who are much larger and more shapeless, and 
seemingly lazy, torpid, and inactive. They appear ge- 
nerally so overgrown, that their eyes and mouth are 
quite sunk in their rugae or wrinkles; nay, their antennae 
and legs are almost covered by them, and are so im** 
peded in their motions from these swellings about the 
insertions of their legs, that they can scarce move them, 
much less move themselves. 

^^ The male's head is very distinct firom the neck: the 
neck is much smaller than the head, and much more so 
than the body. The thorax is elliptical, and something 
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larger tban the head and neck togedier, and flattiah un- 
derneath; from the front there arise two antennas, (much 
longer than those of the females), whieh the insect 
moves every way very briskly. These antennae are all 
jointed^ and from every joint there come out four short 
setae, placed two on each side* 

" It has three jointed legs on each side, and moves 
very briskly and with great speed. From the extremity 
of the tail, there arise two long setae or hairs, four or five 
times the length of the insect. They divei|^ as they 
lengthen, are very slender, and of a pure snow-white 
colour. It has two wings, which take their rise from the 
back part of their shoulders or thorax, and lie down ho- 
rizontally, like the wings of the common fly, when the in- 
sect is walking. They are oUong, rounded at the extre- 
mity, and become suddenly small near the point of in- 
sertion. They are much longer than the body, and have 
two long nerves; one runs from the basis of the wii^ 
along the external margin, and arches to meet a slender 
one that runs along the under and inner edge. Theyare 
quite thin, slender, transparent, and of a snowy white- 
ness. The body of the male is of a lighter red than the 
body of the fWmale, and not near so large."^ 

To Dr. Cvarden's description, Mr. £llis, in an account 
of the male and female cochineal insects, accompmkd 
with drawings, &c. (in the fifty-second volume of the 
Philosophical Transactions,) adds, that the female has a 



* lattice to Mr. Cateaby. requires me to mentioii that be ha4 
some years before published the following statement in the Intro- 
duction to the first volume of his Natural History of Carolina, &c. 
viz. << In South Carolina grows a kind of Opuntia, which are fre- 
quently tliree or four feet high, from which I hare i^en fdeked 
corftifufa/ in small quatttities. Both pkuiu and inaecttf w«r« much 
smaller than those of Mexico; but the latter (i. e« tHe insects) were 
in colour and appearance the same." 
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rcm^kable proboscis, orawUshaped papilla, arising ia 
the mi^st of the breast, which Linnaeus calls the ros* 
tnim, and thinks it the mouth: ^' if so, (st^s Mr. Ellb,) 
besidesvthe office of supplying it with nourishment dur« 
ii^ the time of its moving about, it is the tube through 
which the fine double filament proceeds, with whiqh 
it forms its delicate web, in order to accommodate 
itself in its torpid state, during its pregnancy, till tl|e 
young ones creep out of its body, shift for themselve^i 
and form a new generation. 

^^ In this torpid state the legs and antennsB grow no 
more, but die animal swells up to an enormous size, in 
proportion to its minute creeping state. The legs, an- 
tennae, and pi'oboscis, are so small with respect to the 
rest of the body, that they cannot be easily discQvered, 
without very good eyes or magnifying glasses, so th^t to 
an indifferent eye it loQks full as much like a bqry asaa 
animal. 

^' As soon as the female is delivered of its numerous 
pi'QK?i>y, it becomes a mere husk and dies; so that great 
care is taken in Mexico, where it is principally collected^ 
to kill thet old on^wlule big with young, to prevent 
the young ones escaping into life, and depriving them 
of that beautiful scarlet dye, so much esteemed by all 
the world.'* 

I ought to have sooner ipentioned that there pire two 
sorts or varieties of cochineal; the best or domesticated, ~ 
which the Spaniards denominate jfrano/fna, or fine grain; 
and the wild, which they call grana sjfhegtra. The for- 
mer is nearly twice as large as the latter; probably be* 
cause its size has b^en improved by the &vourable ef- 
fects of hum^ c^re, and of a more copious or suitable 
nourishment, derivitd solely firom the cactus cocbemllifer, 
during many generations. But it is only from -the wild 
cpphineal, living JMi|uraHy on sofne pf the c^tntuc^ in 

Vol. I. 2R 
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different parts of America, that the descriptions of 
Brown, Linnseus, and Ellis, were taken. It must also 
be observed, that the grana sylvestra are not only smaller 
than the others, but that their bodies are covered by very 
fine white downy filaments, which they spin to defend 
themselves against cold, rain. Sec. in their wild state; 
but which adding to their weight, whilst it yields no co* 
lour, contributes with other causes to render them less 
valuable. 

In the month of January, 1777, Mons. Thiery de Me- 
nonville left Port-au-Prince, in the Island of St. Do- 
mingo, for the purpose of procuring some of the living 
cochineal insects in Mexico, and bringing them away, to 
be afterwards propagated in the French West India 
islands: an enterprise, for the expense of which four 
thousand livres had been allotted by the French govern- 
ment. He proceeded by the Havannah to La Vera Cruz, 
and was there informed that the finest cochineal in- 
sects were produced at Guaxaca, distant about seventy 
leagues. Pretending ill health, he obtained permission to 
use the baths of the river Magdalena; but instead of 
going thither, he proceeded through various difficulties 
and dangers, as fast as possible, to Guaxaca, where, 
after making his observations, and obtaining the requi- 
site information, he afiected to believe that the cochineal 
insects were highly useful in composing an ointment for 
his pretended disorder (the gout), and therefore pur- 
chased a quantity of nopals, covered with these insects, 
of the fine or domestic breed, and putting them into 
boxes with other plants, for their better concealment, he 
found means to get them away as botanic trifles, un- 
worthy of notice, notwithstanding the prohibitions by 
which .the Spanish government had endeavoured to 
-hinder their exportation; and being afterwards driven 
by a violent storm into the bay of Campeachy, he there 
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found and added to his collection a living cactus, of a 
species which was capable of nourishing the fine domes- 
ticated cochineal; after which, departing for St. Do* 
mingo, he arrived safe with his acquisitions, on the 
25th of September, (in the same year,) at Port-au- 
Prince, where he began immediately to form a planta- 
tion of nopals, and to take steps for propagating the 
two sorts or varieties of cochineal, I mean the domesti- 
cated or fine, and the sylvestra or wild; which last he 
found at St. Domingo, soon after his return, living na- 
turally on the cactus pereskia. But unfortunately for this 
establishment, he died in the year 1780, through disap- 
pointment and vexation, at seeing his patriotic endea- 
vours so little assisted, and his services so sparingly re- 
warded by tl^e government. M. Thiery de Menonville's 
labours being thus thus terminated, the Royal Society of 
Arts and Sciences at Cape Francois, having collected his 
papers, composed from them a treatise on the cultiva- 
tion of the nopals, and the breeding of cochineal, &c. of 
which M. Berthollet has given a short extract in the fifth 
volume of the Annales de Chimie, together with an ac- 
count of his own experiments for ascertaining the effects 
of the grana sylvestra, produced at St. Domingo, com- 
pared with those from Mexico, in dyeing. * , 

From the observations of M. Thiery de Menonville, 
it appears that there arc two varieties of the nopal, or 
cactus cochenillifer, growing in Mexico, one called the 
true nopal of the Garden of Mexico, and the other the 
Castilian nopal, a name given to the last of these varieties 
on account of its singular beauty. It appears also that 
the wild cochineal, or grana sylvestra, when reared upon 

♦ The original publication (from which my account was writ- 
ten,) is entitled, <* Trait6 de la Culture du Nopal et de I'Educa- 
tion de la Cochenille," 8vo. printed a^ Cape Francois, 1787. 
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either of these varieties of the nopal, become almost as 
large as the fine or domesticated sort, and lose Ac 
greatest part of those fine downy filaments with which 
Aey are naturally covered, and which contribute to ren- 
der them less valuable than the latter. 

But besides the advantage of afibrding the most suit- 
able nourishment to cochineal, the nopals have another 
of very great importance, where these insects are to be 
raised as objects of commerce; which is, that they are 
not beset with thorns or prickles, like most of the cacti, 
and particularly the opuntia, tuna, and pereskia, which, 
by this circumstance, render the insects nourished upon 
them, almost inaccessible to any who might wish to cd« 
kct them: whilst the true nopal, and that of Castile, have 
none but soft inoffensive thorns, and the nourishment 
which they afford is at the same time so peculiarly weU 
suited to the cochineal, and especially to the fine or 
domesticated sort, that these last, though they can sub* 
siat on some, will prosper on no other species of cactus; 
and indeed the wild sort, though found naturally upon 
several other species of opuntia, are at present raised 
chiefly on the nopals in Mexico. The young insects, 
whilst contained within the mother, appear to be all 
connected one after the other by an umbilical cord to 
a common placenta, and in this order they are in due 
time brought forth as living animals, after breaking 
die membrane, in which they were at first probably 
contained as eggs. Being thus brought forth, they re- 
main in a cluster under the mother's belly for two or 
three days, until disengaged from the umbilical cord; 
after which die fismales, for the only time of their lives, 
exercise their loco-motive faculties, by creeping to pro- 
per situations on the plant; and in doing this they are 
led by a wise instinct, to prefer the undersides of the 
diflferent branches or articulations, (as being most de- 



fended from wind and rain,) where each attaches herseif, 
by inserting her little tubular proboscis or mouth into 
the bark, and thus remain Jixed to the end of life. By 
this insertion the female draws out for her nourishment 
the colourless mucilaginous juice of the nopal, and soon 
becomes covered with a fine adhesive downy substance. 
The male acquires a similar covering, but quits it at the 
end of a month, and in the shape of a little scarlet fly, 
jumps and flutters about for the purpose of copulation; 
and having thereby secured a future progeny, he dies 
almost immediately after. But the female having other 
duties to perform, outlives the male another month; at 
the end of which she is ready to bring forth her young, 
and this is the precise time for gathering those which 
are not wanted for breeding; which is done by pressing 
the dull blade of a knife between the under surface of a 
branch of the nopal, and the clusjters of insects attached 
to it, when the latter, being thereby separated, fall upon 
cloths previously spread on the ground to receive them; 
and a sufficient quantity being thus collected, they are 
dipped (enclosed in a linen cloth or bag) into boiling 
water, and sufiered to remain in it so long as is tieces- 
sary for killing them, but no longer, lest the water 
should extract some of their colour. This being d(me, 
they are thoroughly dried, by spreading and exposing 
them to the rays of the sun, by which they shrink so 
as generally to lose about two-thirds of their former 
weight This, which has been found to be the, best 
method of drying the cochineal, is now generally prac- 
tised, though others were formerly in use; such as ovens, 
flat baking stones heated, &c. 

M. Thiery de Menonville describes the male of the 
domesticated or fine cochineal as perfectly similar to 
that of the wild in every respect,- excepting its size; nor 
does tiiere appear to be any considerable difference be- 
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tween the females of these two varieties. The domesti- 
cated female, instead of that downy covering, which 
enables the wild to bear inclement seasons, is only co- 
vered by a fine white powder or farina, serving in some 
degree as a defence against rain and cold, but not enough 
to enable her to remain abroad like the wild insects du- 
ring the rainy seasons, which occur twice in every year. 
When these approach, the domesticated insects are all 
gathered and dried, excepting only tliose intended for 
breeding a future stock; which are preserved, by either 
removing the nopals inhabited by them, into situations 
where they are secured from wind and rain, or by rais- 
ing frames over them, and covering them with thatch 
or matting, until the return of favourable weather; but 
the wild insects, being more hardy, as well as more pro- 
lific, when once placed upon the nopals, would not only 
perpetuate, but multiply themselves, without any farther 
care, to such a degree as to exhaust and destroy the 
plants, were they not all collected at the end of every two 
months, and the plants perfectly cleansed (by wiping them 
with wetted cloths) from the down and other animal 
impurities left on their branches. The nopals become 
fit to nourish the cochineal at the end of eighteen months 
from the time they were planted. The quantity of fine 
or domesticated cochineal, which a single nq>al can 
nourish, usually weighs a third more than it could nou^^* 
rish of the wild. These last have also the disadvantage 
of selling for a much less price; but in return, they are 
gathered six times in each year, whillst the fine yield 
but three crqps in the same space, their propagation 
being wholly suspended during the rainy seasons. 

In Mexico it is thought necessary to keep the two 
sorts or varieties of cochineal separated, at the distance 
of about one hundred perches from each other, lest the 
males of the wild, by impregnating the females of the 
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Other sort, should occasion a degeneration of the latter; 
a circumstance which seems to indicate that both sorts 
originated from the same stock, and that the domesticat- 
ed is only an amelioration of the wild cochineal, through 
the favourable effects of a more suitable nourishment, 
and of warm covering; and this is rendered the more 
probable, by M. Thicry de Menonville's observation, 
that the former are never found in the fields or forests 
of Mexico, nor indeed any where but in the gardens 
and plantations of those employed in rearing them. But 
if the present size, appearance, and habits, of the do- 
mestic cochineal, were those which naturally belong to 
the insect, it might be supposed capable of maintaining 
an independent existence, remote from the dwellings, 
and without the help of mankind, as it must have.done 
before its properties were so well known as to render it 
an object of human care and protection; and in that case, 
some of this sort of cochineal doubtless would have con- 
tinued to subsist in their natural state, since the whole 
of a race, composed of so many minute individuals, 
could not have been taken and brought under the pro- 
tection and dominion of man. Nor is it easy to explain 
why none of them ever are found in a wild state, but 
by supposing them to have been rendered effeminate 
by luxurious food, and by protection from inclement 
weather; and that, consequently, they have been enabled 
to lay aside their natural downy clothing, as sheep lay 
aside their wool, when, after being removed to warm cli- 
mates, they find it no longer necessary; and that, their 
natural habits and means of self-preservation being lost, 
they are rendered incapable of subsisting without a con- 
tinuance of the same fostering care which first occasion- 
ed their effeminacy; or, if they ever do find means to 
subsist without it, they do so only by regaining their 
natural downy covering, and by returning again to th^ir 



3S0 PMlmophy ^Ptrmamtd Qohuts. 

primitive habits, so as not to be any iosger^distinguish* 
at^ from those who were never out of the wild state. 

After the death of M. Thiery de MenonviUe, die 
stock of fine or domesticated cochineal, which he had 
multiplied in the garden at Port-au-Prince, was suffered 
to perish by neglect; but the hardier wild sort, having 
foimd means to subsist, though neglected, was after- 
wards taken under the care of M* Bruley, (substitute 
of the attorney-general of diat province,) who from the 
remains of M. de Menonville's establishment, formed 
a plantation for propagating and multiplying these in- 
sects, of which he sent a considerable quantity, in the 
year 1787, to the minister of the French marine at Paris, 
at whose request the Royal Academy of Scienaes com- 
missioned M. Berthollet, and three others of its members, 
to cause proper experiments to be made therewith, whidi 
they accordingly did, under their own inspection, at the 
celebraled establishment of the Gobdins near Paris; and 
from these experiments it appeared, that the grana syl- 
vestrarnf St. Domingo a^orded colours by dyeing, ex- 
actly similar to those of the Spanish fine cochineal^ 
allowing only after the rate of twelve ounces of the for- 
mer for five of the latter. M. Bruley some time after 
sent to France a second parcel of the same cochineal, 
produced firom his plantation in the year 1788; and this 
being tried by the same commissaries of the Royal 
Academy, though in diffiaient ways, produced neaidy 
the same effects. 

V«ry con»derable di&renoes of external colour or 
appearance occur in difierent parcels of the fine cochi- 
neal; probably^ because the white farinaceous powder, 
with which these inse<Us are naturally covered, is more 
or less washed off by the hot water in which they are 
killed by immersion, as well as by other circumstanees 
which occur in the drying and packing. When tlus 
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powder has been entirely removed, tbe insects appear 
of ff chocolate cc^nr, inclining a little to the purple, 
and thcfy are then called remgrida. Generally, however, 
to much of the white powder remains, especially in the 
little furrows which cross the insect's back, as occasions 
a greyish appearance, called jaspeada; and sometimes, 
indeed, this powder so perfectly covers the cochineal, 
as to render them all over white. This I remember to 
have been particularly the case with a parcel which a 
friend of mine had pui^faosed, and which was reused 
by several dyers to whom it had been sent, from a per- 
suasion of its having been fraudulently covered by white 
lead, or some other metallic calx intermixed with it, to 
increase the weight; and one very eminenjt dyer alleged^ 
that he had formerly seen and tried a similar parcel, and 
that the white powder had been found to consist prinei- 
padly bf a preparation of mercury. That I might be Qtf- 
abled to ascertain whether an opinion s;o unlikely luld 
any foundation, my friend caused several onnces of this 
powder to be separated from the insects by sifting; and 
having tried it sufficiently, I found it to be entirely of 
an animal nature, and af^arently nothing but the farina 
which naturally covers these insects. It even yielded a 
considerable portion of the true cochineal colour, and 
dyed good scarlets in the usual way, though it probably 
was assisted by some of the limbs or other parts of th^ 
bodies of the insects, separated by rubbing in the sieve; 
but I am persuaded that a part of the colour in question 
naturally existed in the farina or white powder itself; 
aoad if this be the case, it would be highly advantageous 
to contrive means for killing the cochineal, without 
washii^ off any part of the powder in question, which 
might, I think, be done by putting them into tinned 
vessete, made so as to shut closely, which might be 
plunged into boiling water, and withdrawn at a proper 
Vol. L . 2 S 
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time, without letting a sin^e drop of water come into 
contact with the insects, or carrying off any of the pow* 
der in question. And perhaps this metliod might be used 
with advantage, even if it should be found that no colour* 
ing matter resides in the white powder, since it is difficult 
to conceive that the cochineal can be plunged into bbil- 
ing water, so as to wash away the powder entirely, (as 
is frequently done,) without a loss of some part of the 
colouring matter contained in the bodies of the insects 
themselves. In general, therefore, it will be safest to 
choose that cochineal which is lai^, plump, clean, dry, 
and of a siioer white colour on the surface. 

The true original grana sylvestra seem to have beeu 
very different from the composition which is at present 
sold under that denomination in this kingdom, and which 
has the appearance of a dry powder, with many small 
lumps or fragments of something which had been pre- 
viously formed into a cake or dried uniform mass. It 
affords, though in an inferior degree, some of the same 
sort of colour as cochineal, but in a small proportion; 
six pounds being necessary, according to my experi- 
ments, to dye as much cloth as one pound of the fine 
cochineal; whereas the true grana sylvestra are repre- 
sented as yielding at least half as much as the fine, and 
they/ sell for at least half the price in some parts of Eu- 
rope, whilst here the substance so called, and which has 
not the least appearance of any insect, sells at present 
for less than an eighth of the price of fine cochineal. 
Probably it is composed of the white downy substance 
which the wild insects are represented as. leaving in 
great abundance on the nopab, and of other excremen- 
titious ipatters deposited by them, joined to fragments, 
broken limbs, and dust, of the insects themselves, and 
perhaps with an addition of some vegetable matters, all 
beat up into one uniforiQ mass. Something of this sort 
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was fonnerly practised even with the true cochineal, 
according to Dr. Brown, who says, *^ The cochineal 
insects used to be prepared by pounding them, and 
steeping the pulp in the decoction of the texuatla, (a 
species of melastoma, as he supposes,) or that of some 
other plants, which they observed to heighten the co- 
lour* This (continues Dr. Brown) was left to settle at 
leisure, and afterwards made into cakes and dried for 
the market." Hernandez also mentions that in his time 
cakes were made from cochineal in Mexico. Probably 
the true grana sylvestra, mixed with fragments of the 
true cochineal, compose what is sold in this country 
under the name of granjllo, which appears, as the name 
indeed impons, to consist chiefly of insects somewhat 
smaller than those composing the fine cochineal, and 
therefore, in that respect, answers to the best authenti-^ 
cated descriptions of the wild cochineal. 

It had been generally believed that the cochineal de- 
rived its colour from the red or crimson fruit of the 
aqpals, and other species of opuntiae; and I was for- 
merly induced by this opinion to make various trials 
with the red fruit of the cactus opuntia for dyeing, in- 
stead of cochineal. They all, indeed, proved unsuccess- 
ful; but I was disposed to attribute my failure to the 
want of that kind of animalization, which the vegetable 
red colouring matter was supposed to receive, w,hen 
eaten and assimilated by the insect: and I thought it 
probable, that other vegetable colouring matters might 
be equally improved in the same way, and that perhaps, 
instead of insects, it might be advantageous to employ 
larger animals for this purpose.* It is, however, now 

* Dr. Garden relates, that a negro woman in South Carolina, 
nirho then gave suck, hating eaten six of the red fruit of the prickly- 
pear, (cactus opuntia), and some of her milk being collected, and 
left until the cream had separated, this last was found to be of a 
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certain, from the obeeirvawon^ of M. Thicrjr ide Me- 
npnville, and from other well-attested relations, that the 
cochineal insects elb not feed on the red frui$ of the cac- 
tus, but upon its branches or articulations, to whioti 
they adhere, and which contain not/dag Hke a red Juice; 
and that they sometimes live, propagate, and preserve 
their colour on those species of cactus which do not Sear 
red'cohured fruits: consequently) the colour of these in- 
sects does not result from that of their food, but from 
their peculiar constitution and organization.^ 

reddish colour, considerably veaker, io^eedy ^an )he lively sfd 
which the urine was found to acquire by the same fruit. See Phi- 
losoph. Trans, vol. 50, p. 269. In the third volume of the same 
Transactions, mention is made of a berry growing in Bermudas, 
and called the << Summer Island Redweed, which berry is as red as 
the prickly pear, and giving much the like tipctjare; out of whiok 
berry cometh out first worms, which afterwards turn into fiieS} 
(somewhat bigger than the cochineal flyO feeding on the same 
berry, in which there hath been found a colour no whit inferior to 
the cochineal fly.** 

* Although the fiu^ts here stated were published more than eigh- 
teen years ago, the error which thc^y :iyer^ intend^ to cprrect, apt 
only subsists, but continues to be propagated by Wf48^^3^ authorities. 
M. Fabroni, who was lately mentioned at p. 314, asserts, (Ann. de 
Chimie, torn. xxv. p. 301) that the cochineal insect can with its 
proboscis extract from the nopal its juice, which afterwards com- 
municates its fine red colour to the insect; and this juice, he adds, 
<^ selon moi, est le m^me que la nature nous pr^sente i n» dans les 
frviu mikr% de cette mdme plante." 

Bouillon La Grange also endeavours to maintain the same errori 
in his Manuel de Chimie, torn. ii. p. 743, where he asserts that the 
cactus coccinillifer <^ communique son ntc rouge k rinsecte^ qui 
8*en neurit.*' But a more important support has been given to this 
error by the author of a respectable botanical wofk, now publisbiag 
in Jamaica, under the title of Hortus Jamaicensb, in two volumes 
4to.; who not only adopts the error, but, to confirm it, ha^ (vol. i. 
p. 412) adduced copious extracts from Mr. Long's History of Ja- 
maica, (a work in great estimation,) of which extracts the following 
are a part, viz. << This juice (of the fruit of the cactus) is the Qa^- 
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The very great demand for cocbineal, almost imim^ 
diatttly after it had been made J^nown in Europe, caused 
« yery rapid multiplication thereof in the Spanish Ame* 

ral food of the cochineal insect, which owes to it the value and 
property it possesses as a dye in some of our principal manu&c- 
tures. The ezuvia and animal salts of the insect are^ from the mi* 
auienets of iu parts, insepanUile from the essential principles of 
th(B dyei whence it fqilowsy that such a heterogeneous mixture 
miist necessarily destroy the brilliancy of colour inherent to the 
juice of this fruit; and that the juice itself, which alone contains 
the dyeings principle, must, if unmixed and brought to consistence, 
yield a true perfect colour, liyely and brilliant, as we find it in its 
natural state." 

** Upon this hypothesis, Mr. David Riz> an ingenlovs gentleman 
of Kingston, in this island, proceeded in several experiments to 
obtain from the plant artificially, what nature accomplished in the 
insect, and at length happily succeedc^d, by inspissating the juice; 
but the means he used are not yet communicated to the public. 
Encouraged by this discovery^ he went to England with seventy- 
six processes, differeQtIy manu&ctured, to try which would aa« 
swer best as a substitute to the cochineal. After a great number of 
experiments, he found one process which communicated a crim- 
son colour to silk and wool, superior to that given by cochineal; 
trials of which were made before a number of the principal dyers 
in and about London, at the Museum qf the Rpyal Society ^ invited 
there for that purpose. He also found two other processes, whieh 
promised, with very little alteration in their manufactory, to afford 
the colour*making dyes of scarlet and purple. Upon a moderate 
calculation it was found, that his colour would go fuither than 
three times the quantity of cochineal, which he accounted for by 
remarking that there is a great part of the insect, as its skin, &c. 
which affords no dye, but that the whole of his process was ge- 
nuine colour, with little or no impurity." 

*< Notwithstanding the advantages that might be derived to the 
nation from this gentleman's discovery, he met upon the whole 
with very tittle encouragement to prosecute his manu&cture fur- 
ther.'' Long's History, fcc. p. 731. 

Upon this statement I shall only observe, that if, in fact) Mr. 
RLb did, as is alleged^ produce any substance or preparation capable 
of dyeing a good scarlet, and of producing as much colour as three 
times its weight of cochineal, he must have obtained it otherwise 
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lican settlements. It appears from Acosta's. statement, 
that so early as the year 1567, there came to Spain, by 
a single flota, no less than 5670 arobas of fine cochineal, 
which, at the rate of 251bs. each, weighed 141,750lbs*; 
and the common annual importation, as stated some 
years since by the Abb6 Raynal, has amounted to 4000 
quintals, or 400,0001bs« weight of the fine cochineal, 
300 quintals of the grana sylvestra, 200 ditto of gnmillo^ 
and 100 of cochineal dust, which were computed to 
have sold for a sum equivalent to about nine millions 
of French livres; without reckoning consideraUe quan-' 
titles sent directly from America to the Philippine 
islands, for supplying a considerable part of Asia. The 
[European importations have, however, been considera- 
bly increased, during several of the last years.^ Since, 

than from the cactus, and probably it must have been an extract of 
cochineal, like those preparations commonlj sold under the name 
of carmine^ except that it may have contained none of the alumi- 
nous basis, or that of tin. For what purpose such an imposition was 
practised, I am not bound to inquire. But certainly the red fruit of 
any and every species of cactus, is as incapable, a* a cranderryj of 
affording a colouring matter similar to that of cochineal; and since 
it has become notorious that this insect does not meddle with the 
fruit, (the only pait of the cactus which exhibits a red colour) tlie 
notion which I now combat, has been left without any foundation 
or probability. I have already stated that the colouring matter of 
the kermes, is similar to that of cochineal, and yet nobody has ever 
suspected the kermes to derive its colour from the leaves of the 
oak) on which it is produced, there being no red juice in these 
leaves, nor indeed, in those pai*ts of the cactus to which, the cochi- 
neal insects attach themselves exclusively. An error umilar to 
the preceding, seems to have subsisted formerly in regard to the 
, purple-grving murexj as mentioned by Aristotle (Hist. Animal. vL 
cap. £d. Scaliger,) who says that a sea-weed (Fucus) probably Or* 
chella, having been cast on shore near the Hellespont, which yield- 
ed a purple colour, the neighbouring inhabitants concluded it to b^ 
the food of the purple shell-fish. 

• This was written in 1793. • 
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according to very good information, which I have re- 
ceived, the quantities of fine cochineal brought to Spain 
in the years 1788, 1789, and 1790, amounted to eleven 
thousand bags, weighing 2001bs. each, and making to- 
gether 2,200,(XX)lbs. weight; and between the first of 
January 1791, and the first of October in the same year, 
the importations had exceeded 2000 bags. 

It must, however, be observed, that the importations 
during these years Were somewhat greater than usual, 
because an advance in the price of cochineal in Europe 
had induced the holders of it in America to send their 
stocks more speedily to market, in order to avail them- 
selves of the higher prices; and, from accurate calcula- 
tions, I think it may be concluded, that the average 
qucmtity of fine cochineal annually consumed in Europe 
amounts to about three thousand bags, or 600,0001bs. 
weight, of which about 1200 bags, or 240,0001bs. weight, 
may be considered as the present annual consumption 
of Great Britain. A greater quantity comes indeed into 
the kingdom, but the surplus is again exported to 
other countries. These 1200 bags may be supposed to 
cost 180,000/. sterling, valued at ISs. per lb. which has 
been about the average price for some years past.^ Ac- 
cording to Don Antonio UUoa, the greatest quantities 
of cochineal are produced at Oaxaca, Tlascala, Chulula, 
Neuva Gallicia, and Chiapa, in New Spain, and at Ham- 
batio, Loja, and Tucuman, in Peru. 

About six years ago, Dr. James Anderson, physician- 
general on the company's establishment at Madras, per- 
suaded himself that he had found the true cochineal in- 

* Since the year 1793, the price of cochineal has more than 
doubled; it has continued during the last eight years at more than 
30«. the pound, and has sometimes exceeded 50«. But this augmen- 
tation of price, or a change of fashion, seems to have considerably 
diminished the annual consumption of Great Britain, which may 
nQw be estimated at about 750 bags. 
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sects subsisting naturally on a ^woies of salt gnns m 
that part of India; and some parcels of a dried insect, 
probaUy of the coccus kind, (but more Hke the kermes,) 
which he mistook for the true coccus cacti, were sent 
by him to this country; of which I made several trials 
at the request of a friend^ (as others also did,) and found 
them to be neither of the same species, nor possessed 
in any degree of that particular colouring matter for 
which the cochineal insect b so highly valued; though 
in their dried state they had nearly the same extemri 
appearance, excepting their size, which was considera- 
bly less than that of the true Mexican cochineal; but 
upon rubbing them in a mortar, I soon perceived, that 
mstead of breaking into a dry powder like cochkied^ 
they could only be beat into a kind of unctuous pastie; 
nor would any degree of drying, short of combmtian; 
overcome this unctuous quality, or render them capable 
of being rubbed into the form of a poivder; and in point 
of colour there was a more essential diffirrence, sinoe 
they produced nothing better than a chocolate brown, 
by the means usually employed for dyeing scarlet with 
cochineal, nor indeed by any other means. Thb choco^ 
late colour proved indeed sufficiently durable on woo^ 
but it may be dyed so cheaply by other matters, and 
indeed these insects yielded so little of it, that thej 
never can be worth collecting as a dyeing drug.* 

It occurred to me, however, on this occa^on, that 
though Dr« Anderson had failed in his expectation of 

* The Company, in their letter of the SUt of July, 1787, to the 
government of Madras, were pleased, from very laudable motives, 
to direct, that every further pursuit respecting this species of in- 
sects, ^< should be effectually discouraged,*' because, ^were it to 
fall into the hands of improper persons, it might be made use of 
to mix with and adulterate the real cochineal, to the great injury 
of the consumer, as it would most assuredly spoil the beauty of 
every scarlet done therewith." 
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finding the cochineal in a country where it probably 
never existed, (the genus of plants on which it is natu* 
rally fitted and destined to live having been originally 
produced only in America,) yet it would not be very 
difficult to convey both the insects, and the cactus co- 
chenillifer (their natural food and habitation) to the 
East Indies, and there propagate both, so as in a few 
years to obtain from thence ample supplies of a drug so 
highly important in a great manufacturing country, and 
for which nearly 200,000^1 sterling are annually paid by 
this to the Spanish nation, especially as great advan* 
tages in this respect would result from the cheapness of 
labour and subsistence in the East Indies; and consider- 
ing moreover how much the quality of the indigo of 
that country had been improved, and the quantity in- 
creased within a few years, through the measures taken 
so opportunely for these purposes by the East- India 
Company, at a time when the usual supplies of that ar- 
ticle from ottier countries had been greatly diminished. 
Similar ideas on this subject occurred, or were sug- 
gested, to the Directors of the East-India Company, 
who, in the spring of the year 1788, procured from his 
Majesty's botanic garden at Kew (through Sir J. Banks, 
Bart. P. R. S-)> some of the true nopal plants y two of 
which were sent out by the Bridgwater, during that 
season, to Madras, and put under the care of Dr. An- 
derson, where they have since been multiplied to seve- 
ral thousands,* and been transplanted from thence to 
Bengal, and St. Helena, in order that a sufficient stock 
might be in readiness to receive any cochineal insects 
which should arrive; a committee of the Directors hav- 

* It has since been ascertained that these plants were not the tnie 
nopalj or cactus coccinillifer, but a different species, much less suit- 
ed to the purpose for which they were intended. 

Vol. I. 2 T 
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ing preriously reported as " their opinion, that it be re* 
commended to the Committee of Correspondence to 
take such measures as they shall judge best suited for 
procuring from America a quantity of the cochineal in- 
sect, with a view to the introduction of the same upon 
the coast of CoromandeL" Unfortunately, however, it 
does not appear that any measures have yet been efiec- 
tual in procuring the domesticated insect, or even the 
sylvestra, though this last exists in Jamaica, (as does 
the true nopal^) and in many other accessible parts of 
America, and probably in more than ordinary perfection 
in Brasil; at least I made trial about the year 1787 of 
some which had been sent from thence by the way of 
Lisbon, and which yielded Jull as much ccdour, and of 
as much beauty, as half its weight of the very best fine 
cochineal; and until this last can be obtained, wouM it 
not be advisable to make trial of the other, which, by 
being properly nursed, and nourished upon the true 
nopals, might perhaps, in a little time, improve so as to 
supersede the necessity of seeking any fiuther?t 

* The cactus coccnuffifer, and the cactos Peieskia (or Speniih 
gooseberrf), are both mentioned in a recent caulog;iae of the .fibr- 
iU9 Eastensisy as prowing in the botanical garden of the late Mr. 
East, at Jamaica; nnd others are said to be growing in Longville 
Garden, in the same island. 

t Subseqaentljr to this snggestion, and as I beBete in conse- 
quence of it, some of the Brasilian cochineal insects were carried 
to India by one of the Company's ships which had touched at that 
part of America, and some quantities of cochineal have been at dif- 
ferent times imported to this country, which were deri?ed from the 
Brasilian stock. I had collected authentic and Taluable information 
to thu subjectf and had made experiments with the cochineal itself; 
but the papers containing an account of them, and of the infonna- 
tion so collected, have been unaccountably lost or purloined^ with 
others, probably of more importance, and I dare not rely on my 
recollections so &r as to enter upon any statement of their con- 
tents. 



PhHuophy ^PermanefU Cokurs. 831 



CHAPTER IV. 

Of the Properties and Uses of Co^meal; with an account 
of new Observations and Experiments calculated to 
improve the Scarlet Dye. 

** Le tratiU a ^t^ mien, le pwfit «ii loit an leeteur.** 

JsAjr Rsr. 

In the Eoig^h translation of Clavigero's History .of 
Mexico, the ancient inhabitants of that country are said to 
have obtained a purple colour from cochineal. Probably, 
however, either the author or translator of that ivork, has 
mistaken purple for crimson; this last being the natural 
odour of cochineal, and what it always affords with the 
aluminous basis, which Clavigero, in another part of his 
history, says the Mexicans had been used to employ in 
early times; though it certainly is difficult to understand 
how they could have become acquainted with it. This 
account moreover accords with that of Herrara, who, after 
mentioning the Tuna or Nopal of Tlaxcalla, says, ^' Op* 
timum long^ granum dat Tlaxcallum cujus indigenas 
prestantis»mam tincturam ex illo conficiunt, hoc modo, 
comminuunt et macerant in decocto aluminisy et ubi re- 
sederit, cpgunt in tabellas, quas Hispani vocant grana en 
pan.^*^ 

There is also reascm to conclude, that during a number 
of years, none but the aluminous basis was used for dye- 
ing with cochineal in £urope,t until the accidental felling 
of a solution of tin by aqua-fortis, into a decoction of co« 

* Whilst alum was the only mordant employed with cochineal 
these grain eaket made with a decoction of alom might answer very 
weU, but not afterwards. 

tCaneparius (de Atramentis, p. 19 1 X mentions the dye ^ex 
granis ficus Indicae Mezicaniy quae prout semina sunt, eisque tine- 
tores^pro earbUino colore utuntur.*' Hence it appears that cochineal 
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chineal, about the year 1630, manifested the singular pow- 
er of the oxide of that metal in exalting the colour of this 
drug, and led to a discovery of thai most vivid of all co- 
lours, the cochineal scarlet. Kunckd and odiers state das 
accident to have happened to a German, named Kuster 
or Kuffier. But others, and particularly Beckman, assert 
that it occurred to a Dutch chemist, Cornelius Orebbel, 
who was bom at Alkmaar, and died at London in 1634,* 
and that he communicated this occurrence to Kuffler, 
who was an excellent dyer at Leyden, and afterwards be* 
came the son-in-law of Drebbel.f That Kuffler put the 
discovery into practice in his dye-house, and that the scar^ 
let was thence first named Kuffler's colour, and after* 

WAB then (1619) 0DI7 used for dyeing crimson, at Venice, where 
the art of dyeing had long been most successfully practised. 

* If it.be true that Drebbel died in London in 1634, he had pro- 
bably come to England to derive some benefit from his discovery, 
and died before he had time to do so. 

t Mr. Macquer, in a memoir printed among those of the Aca- 
demy of Sciences at Paris for 1768, says, ^ Drebbel, chimiste Hoi* 
landois, a imaging d'employer dans la teinture de cochenille» de la 
dissolution d'6tain faiie par Teau regale, et d^s lors on a obtenu le 
plus vif et le plus 6clatant de tous les rouges dont rart,et mSme la 
nature nous ait donn6 Tid^e; je veux dire T^carlate couleur de feu, 
qui a f>ort6 d'abord le nom d'efcarUue de HoUande, parce que c'est 
dans ce pays que les premieres manufiictures ont 6t6 6tablies,*' &c« 

Mr. Macquer seems to have been mbtaken in supposing that the 
first solutions of tin employed in this way were nitro-muriatic, or 
made with aqua-regia, there being very good reason to believe, that 
aqua-fortis done, though perhaps impure, was used for some years 
for this purpose. 

Mr. Delaval, without the smallest probability, attempts to carry 
the first use of tin for dyebg back to very remote antiquity; and 
thinks the Phoenicians used that which they were said to have 
brought from Britain in this way, because (as he erroneously as- 
serts) ^« this is necessary to the production of re^t:oIours, whether 
from animal or vegeuble materials.'* See Experimental £nquif3r, 
9cc. 
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wards scarlet of Holland, or Dutch. From him a FlemiA 
painter, Klocck or Gluck, learned the secret,, and com- 
municated it to one of the iamous Gobelins at Paris; and 
another Fleming, named Kepler, brought the secret to 
England about the year 1643, and the first dje-house for 
dyeing the new scarlet having been soon after establish- 
ed at Bow^ near London, that colour was for some years 
called the Bow dye. 

It has been generally supposed, that after the effects of 
tin upon the cochineal colour had been discovered, as be- 
fore mentioned, nothing more was wanting to produce 
what b at present called scarlet, than to apply the colour 
so produced as a dye to wool; or in other words, that a 
nitric, or nitro-muriatic solution of tin, was sufficient to 
change the natural crimson of cochineal to a scarlet. Such 
at least has been the opinion of every writer on the sub- 
ject until the present hour; though it will hereafter be 
proved to have been an erroneous opinion, and that the 
nitric solution of tin invariably produces (with cochineal) 
a crimson or rose colour, and not a scarlet, unless other 
means be also employed to incline the cochineal colour, 
so far as may be necessary, towards the yelknv; and the 
means of doing this seem to have been stumbled upon, 
and continually employed without any knowledge of dieir 
true efiect. I have already mentioned that tartar is, and 
for many ages appears to have been, generally employed 
with alum, to compose the ordinary boiling liquor or 
mordant for woollen cloths: and it seems probable, that 
when the first attempts were made to employ the solution 
of tin, instead of alum, it would naturally have been ima- 
gined, that as tartar had been found useful with the latter, 
it must also produce good effects with the former, and 
that a trial of it having been thus produced, and the most 
brilliant of all colours having been found to result from 
this combination of tartar with the solution of tin, their 
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joint use was afterwards continued^ without any inqiiiiy 
concerning the particular share which either of them had 
ill producing such pleasing eiFects. 

At first indeed a diluted nitric acid appears to have 
been employed for dissolving the tin without any admix^ 
ture of the muriatic;* but as the former would have, held 
but a smdl portion of the calx of that metal in a state of 
suspension, and as even that portion would have been 
liable to precipitate in a few days, the practice of adding 
either a little muriate of ammonia, or a little sea-salt, to 
the aqua-fortb, and of thereby producing an aqua-regia, 
or nitro-muriatic acid, seems to have been introduced, 
though It did not become general until a coosiderablc 
time after; since Hellot gives an account of the process 
used in his time for dyeing scarlet at Carcassonne, in which 
tin was dissolved anfy by diluted aqua-fortis; and he men* 
tions M. Baron, as claiming the merit of having been the 
first in that city who employed an aqua-regia for dissolv* 
ing tin, in order to prevent a precipiiation of its ealx or 
oxide; and even when this was done, the muriate of am- 
monia and sea-salt were added, but very sparingly, fixmi 
a belief, which still subsbts universally, that a more libe^ 
ral use of either of them in this way, or of the muriatic 
acid in their stead, would render the cochineal colour a 
crimson instead of the scarlet^ which last ia apposed to be 
a peculiar production of the lutrate of tin,t thmigh nodiing 
can be more groundless than this belief; since the nitrate, 
and the muriate of tin, both equatty affind a crimson 

* Donbdess the aqua-ferds was then impurey hf containiog at 
least a smaU proportion <tf the muriatic acid, aa it commonly does 
at this time. 

1 1 give this denomination to solutions of tin produced solely by 
a diluted nitric acid) without regarding the decomposidoO) more or 
less complete, which the acid undergoes. in coosequence of soch 
solution. . 
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edour with oochineal, and neither aflbrds a scarlet "mth- 
out the aid of other means. 

The dyer's ordinary solution of tin is made with that 
q>ecies of diluted nitric acid, called single aqua-fortis, 
and which, as usually prepared, is capable of dissolving 
about one-eighth of its weight of tin, grained or granu- 
hted, by pouring it, when melted, into water, briskly 
a^tated with a bundle of rods, or by other suitable means. 

For each pound of aqua-fortis, it is usual to add after 
the rate of one or at most two ounces of sea-salt, though 
some prefer, and probably with reason, the muriate of 
ammonia for this purpose. About half as much water as 
of aqua-fortis, is moreover commonly added, in order 
still forther to dilute the acid, and moderate its action on 
the tin. Those solutions of it which are made most slow- 
ly, and with the least separation of fumes or vapours, have 
been found to succeed the best; probably, because in 
these die tin is less calcined, or oxygenated, and the solu- 
tion retains a larger portion of azote, or nitrogelie, than 
in those which proceed more rapidly. It is usual to allot 
after the rate of two ounces of grained tin to every pound 
of aqua-fortis; and the metal is put into it, at difierent 
times, waiting until one part' is nearly dissolved, before 
anodier is added, lest too much heat should be evolved, 
and the solution proceed too rapidly; though there is no 
danger of this, in the latter part of the process, which in* 
deed should be protracted so as to last two or three days. 
The water mixed with the aqua-fortis should be ascer- 
tained by weighing or measuring, in order that a proper al* 
lowance may be made for it in calculating the strength of 
the solution, oj the weight of metal contained in a given 
quantity thereof, which, supposing half as much water as 
of aqua-fortis to have been used, will be about one-four- 
teenth part of the whole; and when the solution (which the 
dyers in this country generally call spirit) has been made 
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in these proportions, irom eighteen to twenty ^five pounds 
of it are commonly employed to dye a full cochineal scar- 
let, upon one hundred pounds weight of woollen cloth; 
and of this quantity three-fifths, or two-thirds, are usually 
employed in the first preparation, or boiling part of the 
process; for which supposing one hundred pounds weight 
of cloth are intended to be dyed» about eight pounds of 
orude tartar or argol are put into a suitable dyeing ketde 
or vessel, (of pure block tin,) with a sufficient quanUty of 
clean soft water,^ and six or eight ounces of powdered 
cochineal. Immediately after this twelve or fourteen 
pounds of the solution of tin, prepared as before men- 
tioned, are to be added, and when the mixture is neariy 
ready to boil, the cloth, being first thoroughly moisten- 
ed, (that the dye may penetrate and apply itself equally 
thereto,) is put into the dyeing liquor, and turned through 
it (by the winch) very quickly at firsts and afterwards 
more slowly, whilst the liquor continues to boil, for the 
space of an hour and a half or more, after which it is 
to be taken out, and rinced in clean water. By the Jirst 
iaiUng or preparation, the cloth will have acquired a 
flesh colour. For the second^ or dyeing process, a tin 
vessel is filled with clean water, and when this appears 
almost ready to boil, five, or if a ^u// colour be vi^anted, 
five and one half pounds of cochineal in powder are to be 
put into it, and well mixed, by stirring for a few minutes; 
after which, the remaining part of the solution of tin is to 
be added, and the whole being well stirred, the cloth is 
to be put into the liquor, and turned very briskly 
through it, over the winch, for a litde time, in order 
that both ends may receive an equal porticHi of the dye; 
after which it may be turned more slowly fix* the space 

* Hard water tends to produce a rose colour, which the dyers 
CDmmonly eudearour to obviate, by boiling bran or starch in their 
water. 
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of half an hour, or until the dyeing liquor becomes ex- 
hausted, when the cloth is to be taken out, aired, and 
rinced. 

An ounce of fine cochineal is generally deemed neces- 
sary for dyeing a pound of cloth; but something less 
than this portion is . frequently made to answer, espe- 
cially for coarser cloths.* 

It is not, however, necessaiy to follow this (which is 
the usual) process for dyeing scarlet. I have often given 
that colour very well at one single though protracted 
bcniing, by mixing the whole quantity of tartar, and so- 
lution of tin, and addhig the cochineal, after the cloth haa 
boiled ten or fifteen minutes; for such, in this case, is the 
attraction of wool for the colouring matter, as well as for 
the oxide of tin, that it will take up both very fireely, and 
retain them permanently, when thus mixed. I think, 
however, that in this way the cloth may be liable to im- 
bibe both the mordant and the colour, with some ine- 
qualities, by reasbn of the difierences which are found to 
subsist not only in the wool of different sheep, but even 
of the same individual, when taken from difierent parts 
of the body, as was noticed sft p. 63; and that it will 
therefore, dvi^ays be safest to employ a previous boiling, 
in the manner commonly practised, to overcome the eC- 
feet of these inequalities, by forcing a sufficient quan- 
tity of the mordant or basis, into the pores even of those 
sorts of wool which are the least disposed to receive it. 
This boiling may, however, be shortened to a sit^le 

* Hellot directs an ounce of cochineal for each pound of fine 
doth. BerthoUet prescribes six pounds of cochineal for every 
lOOlbs. of cloth. Mr. Hawker, a very eminent scarlet dyer in 
Gloucestersliire, assured me, that for fine cloths he commonly 
employed four pounds of cochineal for every 60lbs. of cloth; but 
that for coarse cloths he seldom exceeded two pounds ant thiw 
quarters for that quantity of cloth. 

Vol. I. 2U 
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AouTj when it is performed widi what the dyers call a 
seasoned Jloatj meaning the bath or jaepaiation liqiKyr, 
which, after having been employed for the same piir<» 
pose, is replenished according to the ordinary practice, 
widi a fiesh pordcm of the mcxdant, &c. and thus ren- 
dered more efficacious than the first. 

I have moreover often dyed veiy beautiful scarlets, by 
preparing or boiling the cloth witfi the whole quantity of 
solution of tin and tartar at once, (as is commonly done 
with alum, and tartar,) and afterwards dyeing it unrinced, 
with die whole of die cochineal in clean water only; and 
in tlus way I have found the colouring particles so com- 
pletely taken up by the cloth, diat die liquor became as 
clear as the purest water, and the colour was generally 
very perfect. 

Most dyers, besides the tartar used in the first boil- 
ing, employ half as much of it as of cochineal in die 
second, or dyeing part of the process; and certainly the 
doing so will be advantageous, whenever die (xddur 
is wanted to approach nearer than ordinary to the 
orange tint, though thb is not the effect which would 
be genendly expected tb result fix>m thence. Piemer 
uses no cochineal in the first boiling, nor indeed is any 
necessary^ though a litde may probably help to decom- 
pose the oxide of tin, and fix it more cojMOusIy in die 
fibiies of the cloth. For scarlet, many dyers prefer the 
red argcd or crude red tartar; but the matter lo which it 
owes this colour is wholly incapable of adding any colour 
to that which the wool might otherways acquire, and 
therefore at best its redness will prove useless. Wool is 
seldom dyed scarlet, until it has been spun, wove, and 
fulled; because the yellowish tendency which the cochi- 
neal colour acquires from tartar in the dyeing process, is 
nearly all taken away in the fuUing, and a rosei produced 
instead of a scarlet colour. 
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M^ Qerthollet thinks the solution of tin, before descri- 
bed, does not affect the cochineal colours, merely by the 
proportion of diat metal which it contains; and that when 
either sal-ammoniac, saltpetre, or common salt, enter the 
composition of an aqua-regia, tlie compound will be less 
acid than when it consists of the nitric and muriatic acids 
solely; and that the former deserves therefore to be pre- 
ferred, as having a less violent action upon the fibres of 
woollen cloths, and upon colouring matters. 

It is remarkable, that during the present century, no 
considerable improvement has been made in the process 
or means of dyeing scarlet; a circumstance which is the 
more .eiLtmordinary, since the pre-eminent lustre, zsk. 
well as the cosdy nature of this dye, have rendered it 
an object of particular attention, not only to dyers, but to 
eminent chemists, by whose researches we might have 
expected, that at least every obvious improvement there* 
in would have been long since attained. That this, how^ 
ever, has not been done, will, I think, manifestly appear, 
by the following statement of my own particular obser* 
yatioiis and experiments on this subject, which began in 
the year 1786, Having then been led to pour boiling 
water repeatedly upon powdered cochineal in a china 
bason, and to decant it as often fi*om the subsiding inso- 
'luble parts, until they would yield no more colour, I 
found that by adding a little potash, or soda, to this 
seemingly exhausted sediment, and ppuring fresh boil* 
ing .water thereon, a &rther copious exjtraqtion of colour 
instantly dbplayed itself, equal, as far as I could judg^, 
to about one-eighth of the whole of that which had been 
originally contained in the powdered insects; and having 
by repeated trials, constandy found this effect, I too hasti* 
ly concluded, that the colour thus obtained by the help 
of potash, was so &r of a resinous nature, or so intermix- 
£d.w]th a resinous matter, as to have always been inca^ 
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pable of being extracted by the means usually employed 
for dyeing with cochineal; and that if it should be found 
capable of yielding colours as beautiful and permanent 
as those dyed with the more soluble colouring particles 
of these insects^ an acquisition might be made of so much 
new colouring matter, which till then had, as I conceived, 
been always thrown away. That it was capable of yielding 
such colours, I soon ascertained, by repeatedly extracting 
this particular colouring matter by the help of potash, 
and afterwards dyeing small pieces of cloth with it, (in 
the ways usually employed for dyeing scariet), and by 
comparing and exposing them to the weather, with other 
pieces dyed from the more soluble colouring matter of 
cophineaL 

Continuing my inquiries on this subject, I soon per- 
ceived that the colour, denominated scarlet, must in ftct 
be a compound colour, (like green, purple, and orange), 
consisting probably of about three-fourths of a most 
lively pure crimson or rose colour, and about one-fourth 
of a pure bright yellow; and that therefore, when the 
naturd crims(Mi of the cochineal is made scarlet by the 
means always hitherto employed for dyeing that colour^ 
there must be a change produced, equivalent to a con- 
version of one-fourth of the cochineal colouring matter 
from its natural crimson to the yellow colour; and as a 
better yellow might be obtained from other drugs, where 
it naturally exists, and for a fiftieth part of what it costs 
when obtained in this way, from the most costly of ail 
dyeing drugs^ (cochineal), it necessarily followed, that 
this, the universal and only known method of producing 
a scarlet, must be highly injudicious, because unneces- 
sarily expensive. 

Convinced of this important truth, and at the same 
time believing too easily, on the authority of ^eUot, Mac- 
quer, and others, that the natural crunson of cochineal W2|b^ 
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tendered scarkt only by the nitric acid employed to dis- 
solve the tin used in dyeing that colour, I began a series 
of experiments for producing it, without any such watte 
of the cochineal colouring matter. For this purpose it 
seamed necessary to discover a mordant or basis, capable 
of permanently fixing and strongly reflecting the pure 
vivid cochineal crimson, or rose colour, without making 
it incline to the yellow. I concluded, and found by ex- 
periments, that the necessary purity and vivacity of 
colour could not be obtained from an aluminous l^sis, 
however dissolved, thougli it doubtless fixes the colour- 
ing particles of cochineal more durably than any other 
mordant; and the like defect was found to accompany 
the solutions of all the other earths, as well - as of the 
metals, tin alone excepted; and with this farther disad- 
vantage, that most of them either degraded or altered the 
natural colour of cochineal very considerably. It follow- 
ed, therefore, t^t a basis to suit my purpose must be 
sought for in the pure white calx or oxide of tin, so dis- 
solved or combined, as to reflect the cochineal crimson 
unchanged, and with the greatest possible lustre. Misled 
by what those eminent writers Dufay, Hellot, Macquer, . 
Scheffin*, &c. had advanced, as well as by the opinions 
of others, with whom I had conversed on this subject, I 
erroneously concluded, that all solutions of tin, in which 
the nitric acid predominated, would necessarily incline 
the cochineal crimson towards the yellowish tint, and that 
therefore such solutions ought to be excluded from my 
experiments. In this persuasion, I dissolved parcels of 
that metal in almost every other acid, and tried them 
separately for dyeing with cochineal. Theii: several e& 
iects will hereafter be more particularly stated: at present 
I need only mention, that of all others the muriatic sohi- 
tion seemed the best suited to answer my purpose, as it 
lK>th fixed and reflected the pure crimson or rose colour of 
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the cochiocdl imchanged/ and with the utmost tni^itaBss*' 
To produce a scarlet, therefore, it was only necessary to 
sapeiadd, and intimately combine with tfa^ crimson or 
rose colour, ^ suitable portion of a lively golden yellow* 
capable of being properly fixed and reflected by ^ ss^me 
basb. Spch a yellow I had previously di^povere^ in the 
fuercUron. b^rk, (which will be the subject of a fvlCure 
cb^r J and also in what is improperly called young 
fustic„ C^^^ CotinuB, Linn.) though its^cok>i|r was less 
bright, and less durable, than that of the quercitron bark^ 
This last had also the advantage of being not only the 
brightest, but the cheapest of all yellows, since oog 
pound of the bark in powder, which cost .but tliree penoe 
farthing, dyed, with a sufficient quantity of muriate of 
tin> between thirty And forty pounds weight of woollen 
cloth of a full bright golden yellow; and this beipg after* 
wards dyed in the same liquor, with Qpe«,ft>urtb lees ^ 
cochineal than what is usually ein^loyed^ acquired. a scar* 
let equal in beauty and durability to any which. is usually 
given by the ordkiary means, with a full . (Mx>portion of 
cochineal; and such were the general results of a great 
number of experiments. 

The quandty of muriatic solution of tin necessary to 
dye a given quantiQr of scarlet in this way, seemed to 
me at that time tddepend <mi the proportion of metal 
contained in it, and this last to dqiend on the. strength 
of the acid used for this purpose. f That. which len^doy- 

* It must be observed, Uiat when in this and other places I men- 
tion the crimson colour as produced by cocbiueal upon a tin basis, 
I mean a colour much more lively and beautiful than the' crim- 
son dyed from cochineal upon an aluminous basis. The formet* 
imght, perhaps, with more propriety} be denominated a rae c<^ 
lour.. 

1 1 have since ascertained, by dedsive experiments, that rnnrt- 
atic acid, which ^as only dissolved mc-fialf %X the portion of tip - 



4d, and which T bought at the price of 3 to. per 1121bs. 
6r atiofWfour.penctf per pound, dissolved in a strong aand- 
heat, orieithinl of its weight oiF granulated tinj and this 
solution would, with the proportions 6f cbcliineal and 
bark befort mentioned, dye about ten tiihes its weight of 
cloth of a good scarlet colour, 

< I likVe said that three pounds of muriatic acid, which 
eo&t btitf brife shilling, might be made to dissolve a pound 
of tin,- which i^uid require eight poundis of single aqua- 
fortis to diisdIVe it; aiid this quantity bf aqua-fbrtis, at 
at the rate of 'Bcf. per lb. Would cost Si. 4td.\ so that on 
each piound taf tin dissolved by muriatic acid, instead of 
the nitric, I calculated a saving of 4^. 4dL The muriatic 
acid, therefore, which M. Beaum6 had styled the true 
dissolvent of tin, {♦' le vrai dissolvant de l'Etain,»>) 
teemed also to l>eof all odiers the cheiapest; and with 
this fuTthei' advantage, that a solution niade by it was as 
transparent and colourless as "tfie piirSst water, and capa- 
ble of being i»escrved for many years, iii vessels closely^ 
Stopped; without the least alteration, while the dyers' 
' nitro-muriatic solution of tin or spirit becbmes turbid or 
gelatinous very speedily, and even in a very few days, if 
tfie weather be wama. 

I itery add also, that the muriatic solution of tin seem- 
ed to exalt the colours both of the quercitron bark and 
of cochineal, more than any other. 

I * perceived, moreover, another advantage resulting 
from this new mediod of dyeing scariet, by a saving of 
all the tartar- employed in the old. Before I began my 
experiments on this subject, t had endeavoured to learn 



wldchit mky.be nuide to diseohr^ will go aa fiir as «d equal quaa* 
tity of acid which has been sj^kmrat^ with the metal, and tbit the 
f Ifects of the fonner are ie er^ oUier respect beuev ,Aan tjj^ofle 4>f 
the sat&rated soludon, so that this last is at best an useless ezpen^ 
ditureof ene^half^ tlie tla which it containf : 
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the purpose which tartar was intended to answer in the 
usual process for dyeing scarlet; but having obtained no 
si^fiK^tory answer on this point, I doubted of its pro- 
ducing any good efFecty and therefi^re omitted it in my 
first trials; and as they succeeded, I also omitted it in all 
the others. 

By these &cts and ideas I was led to believe that I 
had made discoveries likely to produce very important 
national benefits: and I particularly calculated in ^ first 
instance' a gain of about 12i per cent, upon the whole 
quantity of cochineal consumed in Great Britain, by that 
part of its colouring matter, which I proposed to extract 
by die help of potash, or soda, and which I supposed to 
have been before always lost. 

Be^des this, I computed that a saving of 25 per cent, 
upon all the cochineal used in (xreat Britain for dyeing 
scarlet, aurora, and orange colours, would result from 
my plan of obtaining fix>m the quercitron bark so much 
yellow as was required for the composition of those co- 
lours with the cochineal crimson, instead of converting 
any part of this last more cosdy colour into a yellow. And, ' 
lastly, I calculated other savings, equal at least to 20,000/. 
annually, in the article of tartar, (acidulated tartrite of 
potash,) and in what the muriatic solution of tin was 
likely to cost less than that which is commonly used for 
the purposes in question. 

With this (pinion of the impor^ce of my discoveries 
qn this subject, I gave an account of them, as wett as of 
an improvement in the black dye, (which will be here- 
after explained,) to the right honourable the lords of the 
committee of his majesty's privy councU, appointed for 
the consideration of all matters of trade, &c. (of which 
committee the late eari of Liverpool was president), and 
titeir lordships, with a laudable solicitude for the public 
welfiffe, were pleased, by an order, bearing date at White- 



PAUofCpk^ qfPermMmt Coburs. 345 

hall^ the 18th of Sq^tember, 1787, to refer the same to 
** six ciqiital dyers, named in the said order, who were 
dteired to inquire into the facts respecting the said im- 
portant discoveries in the black and scarlet dyes;" and 
afterwards '^ to report to the committee their opinion of 
the merits and utility" thereof. 

It was not, however, until the 22d of January follow- 
ing, that an experiment relating to the scarlet dye was 
made at the dye-house of Messrs. Goodwin, Piatt, and 
Co*, Bankside, Southwark. Considering, on that occa* 
sion, how much practical operators, in all the arts, are 
inclined to distru^ improvements oflfered by speculative 
men upon the grounds of theory or philosophical reason- 
ing, I was desirous of making my first trial, under the 
most fiivourable circumstances, in order that by its sig- 
nal success, I might effectually obviate the e&ct of any 
^ unfavourable prepossessions in the minds of those who 
were to report on the merits of my discoveries. For this 
purpose I prepared a large quantity (near lOOlbs.) of the 
muriatic solution of tin; and in order that the acid might 
^ be perfectly saturated with the metal, I added an over- 
proportion of the latter, and kept both at the boiling 
point, by means of a sand heat, for the space of three 
days and nights. In this way I obtained a solution per- 
fectly colourless, of a veiy pungent smell, and so highly 
volatile and elastic, that it was impossible to prevent its 
escape froip the vessels in which it was contained, how- 
ever closely stopped. It was, in fact, but little different 
from the Aiming liquor of Libavius, in which dry mu- 
riatic acid is saturated with tm; but this complete satu- 
ration, instead of proving beneficial, as I had expected, 
became an obstacle to my success; because the union 
between the acid and the metal was thereby rendered so 
intimate and powerful, that the affinities of the cloth and 
the colouring matter of the bark could not overcome it, 

Vol. L 2 X 
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except in a degree too small to aflford a sufficient basis 
for the cochineal colour; and farther quantities of the 
sdution being tlierefore added, to supply this deficiency, 
(from an erroneous notion respecting the cause of it,) the 
texture of the cloth was by these additions gready weak- 
ened and injured. 

Two pieces of long baize, weighing togedier 188lbs. 
had been chosen as the objects of this experiment. I had 
before observed in my private trials, that the colour gene- 
rally proved most lively when given with a fall propor- 
tion of the muriate of tin; and also that the colouring 
matter of the cochineal was most completely imbibed 
and taken up out of the dyeing liquor by the clodi» 
when the whole portion of the solution of tin, instead of 
being applied at different times, was boiled up at once 
with the quercitron bark; an efiect the more desirable for 
me at that time^ because I intended to employ a very , 
small proportion of cochineal, and therefore wished to 
leave as little as possible of its colouring matter behind^ 
floating in the dyeing liquor, especially as it would be 
difficult properly to estimate the exact quantity remain- 
ing therein. 

For these reasons, I took a large portion of die solu- 
tion of tin, i. e. 16lbs. weight for the two pieces of 
baize, and threw the whole of it at once, with five 
pounds of powdered quercitron bark, into a suitaMe tin 
vessel f"^ properly filled with water' a little warmed, into 

• For a considerable number of yean, the scarlet colour had 
been constanUy dyed in vessels made, or consisting wholly of block 
tin. Very lately, however, it has been found that copper bottoma 
might be given to these vessels without injuring the colour, and 
with a great saving of expense, as they prove much more durable, 
and the copper is but lijttle acted upon when secluded from atmo- 
spheric air, by being covered with water, &c.; and even in the dye- 
ing eperation, the acids are more disposed to exert their action 
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which the pieces of baize (previously moistened) were 
soon after put, and turned as usual over a winch through 
the liquor (which was made to boil) for the space of an 
hour, when they were both taken out and rinced in clean 
water, the dyeing vessel being at the same time emptied, 
and then filled again with warm water for the remaining 
part of the operation. The baize had,, in this first boiling, 
acquired a very bright golden yellow, though but about 
one-fortieth part of its weight of bark was employed; and 
I had expected, from what had before happened in my 
own particukr experiments, that it would have been so 
fully impregnated by the metallic basis, as to ^want no 
fiother addition of the muriate of tin in the second part 
of the process. To secure myself, however, against a 
disappointment on this point, I cut off a bit fi-om one 
of the pieces, and boiling it in a small pipkin with water, 
and a little cochineal, I saw with great concern that the 
fibres of the cloth were very fer from having imbibed 
enough of the oxide of tin to fix and raise the cochineal 
colour; and that a fiuther portion of the solution would 
be absolutely necessary for this purpose. The cause, in- 
deed, of this disappointment, was only ascertained by 
subsequent experiments, though it might have been con- 
jectured at that time, as the water into which the solu- 
tion of tin had been poured in the dying vessel, did not 
decompose any part of it, or become in the slightest de- 
gree milky or turbid, as it does with other splutions of 
of that metal; and the attraction of the woollen cloth was 
evidently much too feeble to separate and attach to itself 
any part of the oxide of tin, excepting that which liad 
united with the colouring matter of the bark, and by this 
additional affinity became fixed in the wool as the basis 

upon the tin of which the upper part of the vessel consists, and 
upon the cochineal and the cloth, than on the copper bottom. 
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of that golden yellow which it had received, as already 
mentioned; whilst the other and greater part df the oude 
remained in the water, (combined with the muriatic 
acid,) and was thrown away with it after the first boil- 
ing, but unfortunately not without having previously 
weakened the fibres of the wool by it$ corrosive proper- 
ty, of which I had no suspicion, until it became manifest 
in the second part of the operation. For this, five pounds 
of cochineal were put into the dyeing vessel, with ttx 
pounds more of the muriate of tin, »wl being well nux- 
ed in the water, the two pieces of bauie were put into 
the liquor, and dyed therein for about fifteen minutes, 
when the colour not seeming to rise properly, four pounds 
more of the solution of tin, and one pound of cochineal, 
were added; and the dyebg was continued, until it ap* 
peared soon after that the texture of the ck>th was greatly- 
injured by the muriate of tin,^ which seemed in this, as 
well as in subsequent trials, to have a much stronger and 
more corrosive action upon die fibres of wool than other 
solutions of that metal, though before that time I had 
always been persuaded that it would on the contraiy 
have acted more mildly in tbis respect than the ordinary 
dyer's solution or spirit; and indeed I had been led to 
this persuasion by the concurrent opinions of seva*al 
very eminent chemists, who had all represented the ni- 

* Subsequent experixneots have proved, that if vskj purpose of 
employing the yellow of the quercitron bark, in conjunction with a 
rose colour from cochineal, would have allowed me to add the 
usual portion of tartar on this occasion, the injury sustained by the 
cloth might have been completely obviated; for the acid of the tar- 
tar, like eveiy other acid which I have tried, greaUy corrects this 
hurtful sort of action, which the muriate of tin, when employed 
alone^ exercises on wool or woollen stuffs. The tartar would, more- 
over, have rendered the muriate of tin more susceptible of decom' 
position^ by affording a portion of superfluous or uncombined acid^ 
so that les9 of the muriate of tin would have been sufficient. 
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trie acid as exerting a stronger and more corrosive ac- 
tion than die muriatic upon animal substances. Even 
that veiy excellent chemist BerthoUet has observed, in 
tenth volume of the Ann. de Chimie, published so late- 
ly as the month of August 1791, and after he had been 
particularly employed in examining the effects of the 
^fierent acids upon wool and silk, that *' I'acide sulphu- 
rique et I'acide muriatique exercent une action moins 
Vive sur les substances animales que I'acide nitrique suf. 
fiaamment concentr6.'' And this doubtless is true of these 
acids acting merely as acids; but very different properties 
appear to result from their combinations with metals, 
and metallic substances; among which, the metallic solu- 
tions by muriatic acid seem generally more corrosive 
than those made by any other. This is particularly true 
of the muriates of mercury, silver, lead, bismuth, and 
antimony, as well as that of tin; but the corrosive nature 
of this last, and the difficulty of decomposing it, seem to 
be increased, in proportion as the muriatic acid is more 
completely saturated or combined with a greater portion 
of the metal. It is indeed true, that the proportion of so. 
lution of tin used in the foregoing experiment, was much 
greater than I had ever before employed, as it amounted 
to 261bs., and contained above six pounds of the metal, 
which is four times as much as would suffice (dissolved 
by a mixture to be hereafter explained) for the same 
weight of cloth. But still I am persuaded, that an equal 
quantity of any other solution of tin would not have in- 
jured the like quantity of cloth in an equal degree; and 
being thus made sensible of the danger that must attend 
the use of a mordant so corrosive, I was convinced of 
the expediency of searching for one more harmless in 
this respect, though it certainly is very possible, with 
proper care, to employ the muriate of tin (containing a 
smaller proportion of the metal) so as to produce all the 
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good effects which I had expected from it, without any 
injury to the cloth, as I have found by a multitude of 
experiments since, as well as before, that of the 22d of 
January, 1787. 

Whence this corrosive property of the muriate of tin 
arises, may become a subject of future inquiry. At 
present, I shall only observe, that in some experiments 
which I made, m ith a hope of correcting it, I constantly 
found this saturated muriate of tin possessing a strong 
attraction for oxygene, and that by absorbing it, as it did 
from various matters, its corrosive property was always 
greatly diminished. This led me to oxygenate the mu- 
riatic solution of tin, by putting a veiy little manganese 
into it, or rather by dissolving tin with a very little man- 
ganese in muriatic acid; but though the solution made in 
this way appeared less corrosive, it contained a small 
portion of the manganese, which darkened the cochineal 
colour, making it incline towards a purple. 

I afterwards oxygenated the muriatic acid, by mixing 
it with about one-third less than its own weight of the 
nitric, and with this I made a solution of tin; which ap- 
pearing to be no more corrosive than the common dyers' 
spirit, and not changing the cochineal crimson towards 
the yellow hue, I was hastily induced to venture with it 
upon another trial at the dye-house of Messes. Goodwin 
and Co., a few weeks after the first. It was, however, 
made only on one piece of baize, weighing about ninety 
pounds, which I caused to be boiled vvitli about eight 
pounds of this murio-nitric solution of tin, and two 
pounds and one half of powdered quercitron bark. This 
mordant, however, acted very feebly, or rather failed, in 
exalting the yellow coXomt of the bark, which took but 
very slowly on the baize, and never rose much higher 
than a straw colour, even after two hours boDing; when 
a considerable quantity of yellow colour, united^to the 
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oalx of tin, evidently remained floating in the water, 
not because the calx was too intimately combined with 
the acid solvent, as in the first experiment, — but because, 
for want of a sufficient attraction between them, it had 
been almost wholly decomposed as soon as they were 
put into water: and in boiling, it fixed itself with the 
bark colour upon the cloth very sparingly, superficially, 
and slowly. This also happened in the second part of the 
operation; for which three pounds of cochineal, and six 
of this murio-nitric solution of tin, were at first employ- 
ed; but the colour not rising sufficiently, another pound 
of cochineal, with four pounds more of the same solution, 
were added, to the liquor in which the cloth was dyed for 
the space of two hours, when a considerable part of the 
colour still ai^ared floating, but not dissolved, in the 
water. So much, indeed, had been applied to the cloth, as 
to give it a passable scarlet colour, which, however, had 
penetrated but very little into its substance, so that the 
cloth seemed, as Mr. Goodwin observed, to have been 
rather painted than dyed.^ It was, however, generally 

* According to my best recollection, the solution of tin employ- 
ed for this experiment had been made eight or ten days before it 
was so employed, and during this interral the metal had probably 
become too much oxygenated: and it had moreover the disadvan- 
tage of being used without the aid of tartar, which by its acid seems 
to enable the oxide of tin, as well as the cochineal colour, to pene- 
trate and unite more copiously with the fibres of wool. I very lately 
(Nov. 1813), mixed three ounces of strong nitric acid of the speci- 
fic gravity of 1 500, with seven ounces of muriatic acid of the spe- 
cific gravity of about 1 165. The mixture, as is usual, effervesced, 
and assumed for a short space of time a deep red colour. In this 
mixture diluted with six ounces of water, I dissolved two ounces 
of fine granulated tin, and the next day employed a suitable portion 
of it, with cochineal and cream of tartar, to dye a small piece of 
broad-cloth. I observed, on putting the solution of tin into the wa^ 
ter, that it collected therein like small loose dispersed curda^ which* 
however, by a little boiling ^ith the tartar, were completely dissolv - 
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agreed, after a particular examination, that notwithstand- 
ing the great length of time in which the baize had been 
boiled with a very lai^ proportion of the solution of tin, 
(f. e. 18lbs. for a single piece weighing but QOlbs.), its 
texture had not received the smallest injury; so that in 
this respect my last experiment proved less expensive 
than the first, though both together cost me neaily SO/. 

As this murio-nitrate of tin, though exempt firom the 
defects of the muriatic solution, had failed through others 
of a very opposite nature, I was induced to mix much 
greater proportions of nitric with the muriatic acid for 
dissolving tin, in order to see how much of the former 
could be used in tliis way, without so &r yellowing the 
cochineal crimson as to preclude the use of any of the 
quercitron yellow in the dyeing of scarlet, an effect which 
I still ex{)ected from the nitric acid, when used in a very 
large proportion; but, to my great surprise, I could dis- 
cover no such effect, even when I had dissolved the me- 
tal in nitric acid alone. At first I suspected some im- 
purity in the acid which had been employed; but having 

ed, and the cloth being put into this liquor with a part of the cochi- 
neal, and boiled in it as usual, and afterwards dyed with the re- 
mainder of the cochineal and more of the solution <^ tin and tartar, 
imbibed, contrary to my expectation, a very Mght good Mearletycx- 
cepting that it inclined a little too much to the orasge tint In this 
case the colour had penetrated and united itself to the cloth as ex« 
peditiously as with the solution of tin commonly employed by the 
dyers, and without any such difRculty as I had experienced in my 
second experiment at the dye-house of Messrs. Goodwin and Co.; 
an advantage which must, as I think, have resulted fit»n my having 
in this latter trial employed the solution of tin when recently madet 
and in conjunction with the tartar, which was omitted in the former; 
but I will endeavour to ascertain the truth on this point by future 
trials with the same solution, after it has been kept during various 
longer periods, and also with and without the cO'Operation of tar* 
tar, and mention their results in a postscript to my second vo* 
lume. 
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l^rocured a fresh supply, and ascertained its purity by the 
proper means, I still found that tin dissolved by it had 
not the least tendency to change the cochineal crimson 
towards a yellowish or scarlet hue; and that this effect^ 
in the usual way of dyeing that colour ^ resulted wholly 
from the tartar^ (acidulated tartrite of potash,} which is 
always employed at the same time. This fact I ascertained 
by repeated and varied experiments, in which I constandy 
found that cochineal, with the dyers' common solution 
of tin, and even with that made by nitric acid only, would 
produce nothing but a crimson without tartar; and that 
cochineal, with tartar^ would produce a scarlet^ not only 
with these last-mentioned solutions, but also, and equally 
wellf with the muriatic solution of that metal; and there- 
fore, that every thing which had been taught and believed 
to the contrary was repugnant to truth. And here I can- 
not conceal my wonder, that an error of so much conse- 
quence, and so destitute of all foundation, should have 
been propagated and confirmed by so many acute reason, 
ers and sagacious observers in other respects; for, besides 
those eminent writers already mentioned, Mr. Poemer 
has more recently adopted and propagated the same er- 
ror, after making a great number of experiments, several 
of which, if they had been duly considered, would have 
taught him the truth on this subject.^ This also was 
even more lately done by M. Berthollet, in his £16mens 
de I'Art de la Teinture, where, to adopt the words of 
Dr. Hamilton's translation, he says, ^^ Tartar, as we have 
seen, ^ves a deeper and more rosy hue to the colouring 
matter of cochineal, precipitated by the solution of tin. It 
moderates the action of the nitro-muriatic acid, which 
tends to give scarlet an orange cast, though thb orange 
cast is not to be seen in the precipitate produced by the 

• Sec Instruction sur V/^n dc la Teinture, &c. S Paris, 1791. 
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solution <^ dn, which is tm the contrary of a 6iw red. It 
is probable that the solution of tin g^veb scari^ on om^ 
tinge, by means of the action the nitro-muriatie acid ex,* 
erts on the wool, which, as well as all other animal sub- 
stances, it has the property of turning yellow."* 

** TTius {adds he,) by putting more of tutar isto the 

' reddening, a deeper and fuller sc^kt may be obtaiaed; 

and on the contrary, the scarlet may be retklerod more 

inclining to orange by omitting thb ingredient." And he 

concludes the chapter by repeating this doctrine. 

Here then it is manifest, that the nitro-muriate of tin 

)^' and the tartar are each supposed to produce efiects dir- 

reetfy contrary to those which are really produced by 
them, the effects of each being ascribed to the other; a 

- ^ ' mistake capable of producing much disappointment and 

detriment-t 

* It is true tliat nitric acid alone makes wool, See. yellow; but 
wool or cloth, boiled with nitro- muriate of tin, as a preparation for 
scarlet, remains perfectly while, if do colouring n mixed with it, as 
is well known. 

t M. Benhollel, with his usual and becoming ntrnfmir, ha>,iathe 
ia»t edition of his Elements, Sec. sdmitted the error into which be 
had bllen, in common with all others, on this subject, end the truth 
(•f my oljscrvatioRS respecting it. ** On avoit, (says be,) dans la pre- 
miere Edition de ces i]£mens, attribufe au tartre la propriit^ dc don- 
uer une nuance plus fonc£e et plus rosie aux parties coloranteide 
la cochenille: cette opinion pouvait mfime fitre regardfee comme 
•teniralc) maia Bancrqft fa comdaiiuc avec raUon: il pretend que si 
on supprime le tartre, on a une couleur cramoisie; que le tartre 
onne naissance i un tanriie d'^tain insoluble, qui fut avec la co- 
henille une couleur jaune; que I'^carlate ordinaire est un ro61ai%e. 
'uii quart de cette couleur jaune et de trois quarts ou un pcu pluft 
e U couleur cranioisie que donne la cochenille arec la dissolution 
'itain," &c. And after mentioning my proposal for obtaining the 
ellow part of the scarlet colour from the quercitron bark, rather 
lan from cochineal, he ^ves an account af three experiments 
hich he bad made by dyeing cloth with cochineal and a solution 
f lin; for two of which be also employed tartar in the ordinarr. 
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Having made myself certain that the dyers' spirit, or 
nitro-muriatac solutioD of tin, without tartar, would only 
dye a crimson with cochipeal, I was induced to make an 
experiment therewith, instead of the muriate of tin, at the 
dye-house of the late Mr. Seward, in Goswell^screet, and 
with views similar to those which directed the experi- 
ments before made at the dye-house of Messrs. Goodwin 
and Co. A piece of baize was accordingly boiled one 
hour and a quarter with the usual portion of nitro- muri- 
atic solution of tin, (which had been prepared by Mr. 
Seward,) and with about one-fortieth of its weight of 
quercitron bark, without any tartar: after which it was 
teken out dyed of a bright yellow, though paler than it 

ond in a dooUe proportion: and he found that in proportipn to the 
quantity of tartar employed, the colour inclined to the yellow tint, 
whUst that without tartar ^ avoit couleur -uincuac et moins vive," 
See. He adds, ^ U est done vrai que le tartre fait incliner au jaune 
la couleur de la cochenille, et qu'il produit d'autant plus cet eflfet, 
que la proportion en est plus grande,'* 8cc. £16mens, torn. ii. p. 179, 
180. 

I must observe, however, that the explanation here given by M. 
BerthoUec, of my conclusions in regard to the effects of tartar in the 
dyeing of scarlet, is not quite correct. I have never intended to de- 
cide, that the acid of tartar formed an insoluble tartrite of tin, and 
that this tartrite changed the colour of a fiart of the cochineal to a 
pure yellow, and thereby gave to the other part a scarUt tint; 
though I have in fact supposed this as an ultimate effect to result 
from the action of tartar. But I intended to leave it undecided, whe* ^ 

ther the acid of tartar acted conjointly with the other acids and the ^ 

tin, or separately with the metal, in producing a scarlet instead of 
the rose colour, which would have been produced without it; and 
though 1 supposed the amount of this change to be equivalent to a 
conversion of nearly one -fourth of the cochineal colour to a yellow^ 
yet I did not assume that the change in question had been operated 
or effected in a fourth or any other part excluaive/y^ rather than on 
the whole collectively. Indeed, I have never found the tartrite cf 
tin, even when employed alone with cochineal, able to render the 
colour yellovjy though it produces a very yellowish scarlet. 
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would have been with the muriate of tin. The baize be* 
ing rinced, and the dyeing vessel emptied, and then filled 
a second time with clean water ^ about four-fifths of the 
CQchineial usually employed for the like quantity of baize, 
and a farther suitable proportion of the scdution of tin, 
were put into it, and the baize being dyed diereiti, as 
usual, took what was allowed to be a good scarlet. Mr. 
Seward, however, did not seem so fully convinced, as I 
had expected, of the advantage of compounding a scarlet 
in this way fit>m the cochineal crimson and quercitron yel- 
low; and probably the experiment had not been attended 
with any very manifest success, or saving of cochineal, 
because the nitro-muriatic solution of tin which had pro- 
duced but a pale yellow with the quercitron bark, had 
also acted more feebly in raising or exalting the cochineal 
colour than it usually does when assisted with tartar, 
which consists of a portion of vegetable alkali combined 
with an excess of its own peculiar acid; and therefore, 
whenever it is mixed with a solution of tin by any of the 
mineral acids, the tartar will be decomposed; because the 
mineral acids,^ by their superior attraction for, will unite 
with its alkaline basis, and disengage an additional por- 
tion of the tartarous acid, which will then unite with the 
metallic oxide, previously abandoned by the mineral 
acid, and- thus produce a tartrite of tin^ which last, in the 
usual way of dyeing scarlet, inclines the cochineal crim- 
son to the yellow tint, and at the same time, (as I have 
since found,) exalts its colour more than the nitro-muri- 
atic solution of tin alone would be able to do; and it is 
only this decomposition of the tartar, that has obviated 
the ill effects which otherwise must have resulted firom 
the sulphuric acid, frequently contained in the common 
aqua-fortis used by the scarlet, dyers.* 

* Thia statement, first made in 1794, respecting the effects or 
tartar with suIphuHc acid, is partly erroneous, or liable to miscon- 
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Though I had hitherto fiuled in my endeavours to com- 
pose a scarlet colour with advantage, so as to save that 
part of the cochineal which appeared to be misapplied, bjr 
being yellowed in the usual process, I had nevertheless 
full confidence in my former reasoning on this subject, 
and employed myself from time to time in searching after 
more suitable means for attaining this end. Some of my 
earliest experiments with a solution, or rather a calcination 
of tin by the sulphuric acid, had shown me that thb pre- 
paration was very unsuitable for my purpose, because it 
really exerted a destructive action on the cochineal co- 
lour, by reducing it fit>m a crimson down to a kind of 
salmon colour, which indeed was the highest colour pro- 

ception: wherever that acid (the sulphuric) acts upoi^ tin, either- 
alone^ or with any mixture containing tdtric acid, the oxide of that 
metal, probably by toe much oxygenation, is brought into a state 
which renders it incapable of producing with cochineal any thing 
better, or approaching nearer to scarlet than an orange, or at most 
a high Mlrnon colour. It is true, indeed, that if oil of vitriol be put 
either into the searlet dyeing, or the preparation liquors, immedi- 
ately after, or conjointly with the tartar, U will do np harm^ provi- 
ded the quantity be only sufficient to decomfioBe the tartar^ and neu^ 
traUze its alkaline part. But as no tartar is employed by the d3rers 
in making their ordinary solution of tin, and as the aqua-fortis 
used for that purpose, frequently contains a little sulphuric ac;d, 
the latter will have produced all its mischievous effects upon the 
tin, previously to the dyeing operation, and these effects will not 
afterwards be overcome by the tartar employed in that operation. 
Fortunately, however, the mischief which might be produced by a 
little sulphuric add mixed with the aqua-fortis employed by the 
dyers to dissolve their tin, b commonly obviaud^ without their be- 
ing sensible of it, by their practice of making a nitro-muriatic acid» 
not by mixing the muriatic simply with the nitric acid, but by adding 
to the latter a portion either of sea-salt, or of muriate of ammonia^ 
either of which affords an alkali, which, by its stronger affinity for 
the sulphuric, than for either the nitric or muriatic acids, combines 
with add neutralizes the former, when the quantity is not too great) 
and thus renders it harmless. 
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duced on cloth by dyeing it with cochineal and sulphate 
of tin; I therefore discarded the use of sulphuric acid for 
dissolving tin, until particular circumstances led me some 
time after to dissolve a portion of it by the muriatic acid, 
combined with about one- fourth of its weight of oil of vi« 
trioi; and by trying tliis bolution, I found that it produced 
veiy good effects in dyebg, without any appearance of that 
corrosive property which had acted so mischievously in 
the experiments made with tin, dissolved by muriatic acid 
only. I was therefore encouraged to make and try otfier so- 
lutions of that metal, by the same acids, united in various 
proportions; and iiave at length found reason to prefer a 
solution made by dissolving after the rate of about four* 
teen ounces of tin in a mixture of two pounds of oil of 
vitriol, (of the usual strength,) with about three pounds 
of muriatic acid. ITiat which I have used was of the spe- 
cific gravity of nearly 1170, and strong enough, with a 
sand-heat, to dissolve one-third of its weight of tin. The 
muriatic acid should be first poured upon a large quantity 
of granulated tin, in a capacious glass receiver, and the 
oil of vitriol afterwaids added slowly; and these acids be- 
ing mixed, should be left to saturate themselves with 
tin, w hich they will do in a longer or shorter time, ac- 
cording to the tem))erature of the atmosphere, without 
any artificial heat; but the solution may be rapidly pro- 
moted by a sand-heat. 

This solution contained but little more than half as 
much tin as the muriatic solution which had been used 
in the first experiment made at the dye-house of M ^srs. 
Goodwin and Co., yet the metallic part of it existed in a 
state so much more suitable for the purposes of dyeing, 
that a given quantity of it would produce much better 
effects than a like quantity of muriatic solution, contain- 
ing nearly twice as much of the metal, and without any 
corrosive property, capable of doing the least mischief, 
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unless used in much greater proportions than ever can be 
wanted for dyeing.* 

The murio-sulphuric solution of tin, made in these 
proportions, will be perfectly transparent and colourless^ 
and will probably remain so for many years, without be- 
coming turbid, or suffering by any precipitation of the 
metal; at least, none has appeared in some which I have 
kept for more than three years. It will produce full 
twice as much eflfect as the dyers' spirit, or nitro-muriatic 
solution of tin, with less than a third of the expense. It 
has, moreover, the property of raising the colours of, 1 
believe, all adjective dyes, more than the dyers' spirit, and 
full as much as the tartrite of tin, without changing the 
natural crimson of cochineal towards the yellowish hue; 
and, therefore, after having made a great number of ex- 
periments with it, I think myself warranted in strongly 
recommending this murio-sulphate of tin for dyeing the 
compound scarlet colour already described, (with the 
cochineal crimson and quercitron yellow,) for which it 
will be found highly effectual and economical. 

For this species of scarlet nothing is necessary but to 
put the cloth, suppose lOOlbs. weight, into a pro[)er tin 
vessel, nearly filled with water, in which about eight 
pounds of the murio- sulphuric solution of tin have been 
previously mixed, to make the liquor boil, turning the 
doth as usual through it, by the winch, for a quarter of an 
hour; then turning the cloth out of the liquor, to put into 
it about four pounds of cochineal, and two pounds and a 
half of quercitron bark in powder, and having mixed 
them well, to return the cloth again into the liquor, mak- 

* Since my first edition of this volume wu!i published, I have as- 
certained that even the proportion of tin here mentioned is unne- 
cesi»arily great, and that equally good effects may be (obtained with 
the same quantity of acids, when the latter contain but Httie more 
than half the quantity of tin which they are capable of dissolving 



360 Pfubaophtf of Permanent Colours. 

ing it bo3, and continue the operation as usual until the 
colour be duly raised, and the dyeing liquor exhausted, 
which will be the case in about fifteen or twenty minutes; 
aher which the cloth may be tsAfen out and rinced as 
usual. In this way the time, labol^ and fuel, necessary 
for filling and heating the dyeing vbssel a second time, 
will be saved; the operation finished much more speedily 
than in the common way; and there will be a saving of all 
the tartar, as well as of two-thirds of the cost of spirit, or 
nitro- muriatic solution of tin, which for dyeing lOOlbs. of 
wool, commonly amounts to 10«.; whereas, eight pounds 
of the murio-sulphuric sdution will only cost about 3j. 
There will be, moreover, a saving of at least one*fourth 
of the cochineal usually employed, (which is generally 
computed at the rate of one ounce for every pound of 
cloth,) and the colour produced will certainly not prove 
inferior in any respect to that dyed with much more ex- 
pense and trouble in the ordinary way. When a rose- 
colour is wanted, it may be readily and cheaply dyed in 
this way, only omitting the quercitron bark, instead of 
the complex method now practised of first producing a 
scarlet, and then changing it to a rose by the volatile al- 
kali contained in stale urine, set fi^ee or decomposed by 
potash or by lime: and, even if any one should still un^ 
wisely choose to continue the practice of dyeing scarlet 
without quercitron bark, he need only employ the usual 
proportions of tartar and cochineal, with a suitable quan- 
tity of the murio-sulphate of tin, which, whilst it costs 
so much less, will be more efiectual than the dyers' 
spirit.* 

* The murio-sulphate of tin here recommended, is now employed 
by the dyers in many parts of England, particularly in Yorkshire and 
Lancashire, though many of them do not know how, or with what 
acids it is prepared. A considerable distiller of aqua-fortis, and of mu- 
riatic acid, who also prepares solutions of tin in large quantities, In* 
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Several hundreds of experiments warrant my assertion, 
that at least a fourth part of the cochineal generally em- 
ployed in dyeing scarlet, may be saved by obtaining so 
much yellow as is necessary to compose this colour from 
the quercitron bark; and indeed nothing can be more 
self.evident, than that such an effect, ceteris paribus^ 
ought necessarily to result from this combination of dif- 
ferent colouring matters, suited to produce the compound 
colour in question. Let it be recollected tliat the cochi- 
neal crimson, though capable of being changed by the 
acid of tartar towards the yellow hue. on one hand, is also 
capable by different means, of being changed towards a 
blue on the other, and of thereby producing a purple 
without indigo or any other blue cdiouring matter: yet I 
am confident that nobody would believe a pound of co- 
chineal so employed, capable alone of dyeing as much 
cloth, of any particular diade of purple, as might be dyed 
with it, if the whole of its colouring matter were employ- 
ed solely in furnishing the crimson part of the purple, 
whilst the other (blue) part thereof was obtained from 
indigo. To say that a pound of cocluneal alone could 
produce as much effect or colour as a pound of cochineal 
and a pound of indigo together j would be an improbabi- 
lity much too obvious and palpable f(Mr human belief; and 
tt^re certainly would be a similar improbability in al- 

forms me that he is in the practice of selling this preparation of 
that metal, under another denondwaiony and that it is chiefly em- 
ployed to dye the most vivid and beautiful yellows from querci-^ 
tron bark. It has also been of late used to dye scarlet with a prepa- 
ration called lac lake, made (in the East Indies) from the stick lac, 
to be noticed in my next chapter. 

Mr. Hawker (near Stroud, in Gloucestershire,) lately mentioned 
at p. 337, told me, in 1795, soon fifter the publication of my first 
edition, that he had prepared the murio-sulphate of tin, according to 
my direction, and found it answer the purpose for wliich it had beeft 
recommended by me. 
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l^ing, that a pound 6f cochineal, employed in giving 
another compound colour (scarlet), could alone produce 
as much effect as a pound of cochineal and a pound of 
quercitron bark, when the colour of this last waa emploj- 
ed only in furnishing one of the component parts of the 
scaiiet, for which a considerable portion of the colouring 
matter of the cochineal must oUierwise. have been ex- 
, pended, which certainly happens in the new mode of dye- 
ing scarlet, because the colour produced with an addi- 
tion of the quercitron yellow inclines no more towards a 
yellow, than the scarlet produced by yellowing a part of 
the cochineal colour in the usual method with tartar. I 
retain, therefore, at this moment, as much confidence as 
I ever had in the reality and importance of my proposed 
improvements in this respect.^ 

The scaiiet composed of cochineal crimson and quer- 
citron yellow, is moreover attended with this advantage, 
that it may be dyed upon wool and woollen yam, with- 
out any danger of its being changed to a rose or crimson, 
by the process of fulling, as always happens to scarlet 
dyed by the usual means* This last being in fiict nothing 
but a crimson or rose colour, yellowed by some specific 
or particular action of the acid of tartar, is liable to be 
made crimson again by the application of many chemical 

* Of th£ benefit which I formerly expected to obtain by employ- 
ing potash or soda to extract a part of the cochineal colour, which 
water alone did not appear capable of extracting, it must be re- 
marked, that I have some time since conTinced myself of its being 
an iUusion; for, by repealed trials, I have found that the solid parts 
of powdered cochineal remaining after it has been boiled with the 
solution of tin and tartar, as in the common dyeing process, yield 
no colour worthy of notice, upon the application of potash; the so- 
lution of tin and tartaric acid, enabling the water to extract the co- 
lour sufficiently; so that in truth there is no such waste of cochi- 
neal colour as I had supposed, in the usual way of employing that 
drug. 
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agents, (which readily overcome the changeable yellow 
produced by the tartar,) ar^* parucularly by calcareous 
earths, soap, alkaline salts, &c. But where the cochineal 
colouring matter is applied and fixed merdy as a crimson 
or rose colour, and is rendered scarlet by superadding a 
veiy permanent quercitron yelhw^ capable of resisting the 
strongest acids and alkalies, (which it does when dyed 
with solutions of tin,) no such change can take place, 
because the cochineal colour having never ceased to be 
crimson, cannot be rendered more so, and therefore can- 
not sufier by those impressions or applications which 
frequendy change or spot scarlets dyed according to the 
present practice. ♦ 

There is also a singular property attending the com- 
pound scarlet dyed with cochineal and quercitron bark; 
which is, that if it be compared with another piece of 
scarlet dyed in the usual way, and both appear by day- 
light exactly of the same shade^ the former, if they be 
afterwards compared by candle-light, will appear to be at 
least several shades higher and fuller than the latter; a 
circumstance of some importance, when it is considered 
how much this and other gay colours are generally worn 
and exhibited by candle-light during a considerable part 
of the year. 

To illustrate more clearly the effects of the murio-sul- 
phuric solution of tin with cochineal in dyeing, I shall 
state a very few of my numerous experiments therewith; 

* MM. Thenard and Roard, in their ^^M6moire sur les mordants 
employes dans la teinture,'' observe, that ever since the discovery 
of scarlet, its liability to become crimson has been comfiiamed ofy 
without any attempt to ascertain and obviate the cause qfthat defict. 
Id making the latter part of this observation, tliey must surely have 
forgotten, or never have been made acquainted with this part of 
my publication, which had preceded their memoir sixteen years^ 
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observing, however, that they were all several timesre' 
peated, and always with similar eflects. 

1st. I boiled one hundred parts of wooUen cloth in 
water, witli eight parts of the murio-sulphuric solution of 
tin, during the space of ten or fifteen minutes; I then 
added to the same water four parts of cochineal, and two 
parts and a half of quercitron bark in powder, and boiled 
the cloth fifteen or twenty minutes longer; at the end of 
which it had nearly imbibed all the colour of the dyeing 
liquor, and received a very good, even, and bright scar- 
let. Similar cloth dyed of that colour at the same time 
in the usual way, and with a fourth part more of cochi- 
neal, was found upon comparison to have somewhat less 
body than the former; the effect of the quercitron bark 
in the first case having been more than equal to the ad* 
ditional portion of cochineal employed in the latter, and 
made yellow by the action of tartar. 

2d. To see whether the tartrite of tin would, besides 
yellowing the cochineal crimson, contribute to raise and 
exalt its colour more than the murio-sulphate of that 
metal, I boiled one hundred parts of cloth with eight 
parts of the murio-sulphuric solution, and six parts of tar- 
tar, for the space of one hour; I then dyed the cloth, tm-. 
rincedy in clean water, with four parts of cochineal, and 
two parts and a half of quercitron bark, which produced 
a bri;;ht aurora colour, because a double. portion of yel- 
low had been here produced, first by the quercitron bark, 
•and then by the action of tartar upon the cochineal colour- 
ing matter. To bring back this aurora to the scarlet co- 
lour, by taking away or changing the yellow produced 
by the tartar, I divided the cloth whilst unrinced into 
three equal parts, 2Uid boiled one of them a few minutes 
in water, slightly impregnated with potash; another in 
water with a little ammonia; and the third in water con- 
taining a very little powdered chalk, by which all the 
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pieces became scarlet; but the two last appeared some- 
what brighter than the first, the ammonia and chalk hay* 
ing each rosed the cochineal colour rather more advanta- 
geously than the potash. The best of these, however, by 
comparison, did not seem preferable to the compound 
scarlet dyed without tartar, as in the preceding experi- 
ment; consequently this did not seem to exalt the cochi- 
neal ccdour more than the murio-sulphate of tin; had it 
done so, the use of it in this way would have been easy, 
without relinquishing the advantages of the quercitron 
yeUow. 

Sd. I boiled one hundred parts of woollen cloth with 
eight parts of the muiio-sulphuric solution of tin, for 
about ten minutes, then added four parts of cochineal in 
powder, which by ten or fifteen minutes more of boiling, 
produced a fine crimson. This I divided into two equal 
parts, one of which I yellowed or made scarlet by boiling 
it for fifteen minutes with a tenth of its weight of tartar 
in clean water; smd the other, by boiling it with a fortieth 
of its weight of quercitron bark, and the same weight of 
murio-sulphuric solution of tin; so that in this last case 
there was an addition of yellow colouring matter fi-om 
the bark, whilst in the former no such addition todk 
place, the yellow necessary for producing the scarlet hav* 
ing been wholly gained by a change and diminution of 
the cochineal crimson or rose colour; and the two pieces 
being compared with each other, that which had been 
rendered scarlet by an addition of quercitron yellow, was, 
as might have been expected, several shades fuller than 
the other. 

4th. I dyed one hundred parts of woollen cloth scarlet, 
by boiling it first in water with eight parts of murio-sul- 
phate of tin, and twelve parts of tartar, for ten minutes, 
and then adding five parts of cochineal, and continuing 
the boiling for fifteen minutes. Thb scarlet cloth I divi- 
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ded equally, and made one part crimson, by boiling it 
with a little ammonia in clean water; after which I again 
rendered it scarlet, by boiling it in clean water with a for- 
tieth of its weight of quercitron bark, and the same weight 
of murio-sulphate of tin; and this last, being compared 
with the other half, to which nxy quercitron yellow had 
been applied, was found to possess the most colour, as 
might have been expected. A piece of the cloth, which 
had been dyed scarlet by cochineal and quercitron bark, 
as in the first experiment, being at the same time boiled 
in the same water with ammonia, did not become crim^ 
son, like that dyed scarlet without the bark. 

In this way of compounding a scarlet from cochineal 
and quercitron bark, the dyer will at all times be able, 
with the utmost certainty, to produce every possible 
shade between the crimson and yellow colours, by only 
increasing;^ or diminishing the proportion of bark. It has, 
indeed, been usual at times when scarlets, approaching 
nearly to the aurora colour, were in fashion, to superadd 
a fugitive yellow either from turmeric, or from what is 
called young fustic (rhus cotinus;) but this was only 
when the cochineal colour had been previously yellowed 
as much as possible by the use of tartar^ as in Uie com- 
mon way of dyeing scarlet; and therefore that practice 
ought not to be confounded with my improvement, which 
has for its object to preclude the loss of any part of the 
cochineal rose or crimson, by its conversion towards a 
yellow colour, which may be so much more cheaply ob- 
tained from the quercitron bark. 

By sufficient trials, I have satisfied myself that the co- 
chineal colours, dyed with the murio-sulphuric solution of 
tin, are in every respect at least as durable as any which 
can be dyed with any other preparation of that metal; and 
they even seem to withstand the action of boiling soap- 
suds somewhat longer, and therefore I cannot avoid 



Philosophy of Permanent Colours* 367 

earnestly recommending its use for dyeing rose and 
other cochineal colours, as well as for compounding a 
scarlet with the quercitron bark. 

Having ascertained about the time of the publication 
of my first edition of this volum^e, that the red colour af- 
forded by madder, might be greatly exalted and bright* 
ened by employing it with the murio-sulphate of tin, and 
indeed,, with the nitro-muriate and the muriate of that 
metal, (instead of alum,) and that the bvely yelloivish red 
so produced, was extremely durable ^ it occurred to me, 
that there might be an advantage at least for ordinary 
scarlets, in substituting the madder for the quercitron 
bark, to compose a scarlet with cochineal, on the princi-^ 
pie before explained; because the former might be made 
not only to supply the yellora) part of the scarlet, but also 
a portion of red^ in aid of the cochineal colour, without 
perceptibly detracting from the vivacity of the latter; — 
with this expectation, I soon after made a great number 
of experiments, which fully answered my expectation, 
and proved by their general results, that cloth prepared 
by boiling the usual time with murio-sulphate of tin, (the 
acids not being saturated by the metal,) and without tartar, 
and afterwards dyed with cochineal and the finest Zealand 
madder, in the proportion of firom two to three or even 
four pounds of the latter, with one of the former, might 
be made to acquire a good scarlet, with a saving of one 
fourth or one fifth of the cochineal, which would have 
been necessary to produce it alone. When more of mad- 
der than the proportion just mentioned was employed, 
the colour, if contrasted with a very fine scarlet, appear- 
ed to incline towards a yellowish brown tint, though, to 
common eyes, this would be hardly perceived without such 
contrast. It must, however, be admitted, that for scarlets 
which are intended to excel and vie with those of Mr. 
Nash or his successor, it would be advisable to employ 
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cochineal alone, or with the quercitron yellow instead of 
the madder red, cheapness being for them of less impor- 
tance than beauty of colour. But for ordinary scarlets, I 
am convbced it may be employed as just mentioned, 
without any perceptible degradation of the colour, and 
with a considerable diminution of expense. 

I have thus freely given the results of a multitude of 
experiments, on which I have expended money, with 
much more of time and meditation; and though some 
years may elapse before the truth and importance of what 
I here offer are fully recognized, I am confident this will 
happen sooner or later; and by putting it into every one's 
power to bring my ideas to the test of experience, I shall 
have at least done my duty.* 

I had not particularly directed my attention to the 
dyeing of scarlet, until the year 1786, when no person, 
so far as I have been able to discover, had ever attempted 
to ascertain the effects of any solution or preparation of 
tin, excepting that with the nitric or nitro-muriatic acids 
upon the colouring matter of cochineal; and I shall there- 
fore state the results of numerous experiments which I 
have since made, with that metal, differently combined, 
and at various degrees of oxidation, omitting all details 
respecting proportions, and modes of conducting the dye- 
ing operations, which are to be understood as having 
been conformable to the common practice where notliing 
is mentioned to the contrary. 

Woollen cloth, dyed with cochineal and pure nitrate of 
tin recently prepared, produced a fine crimson, and this, 

* A portion of yellow colouring matter, obtained either from the 
quercitron bark or the rbus cotinus, is now (1813,) very generally 
employed in this country with cochineal, for dyeing scarlet; not in- 
deed, without tartar, but with a smaller quantity than that which is 
employed in other countries, and which was formerly employed in 
this. 
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boiled in the same liquor with tartar, was changed to a 
good scarlet, A similar, but rather better effect was pro- 
duced by tin dissolved immediately in a mixture of aqua- 
fortis and tartar. The scarlet given by this tartaro-nitcate 
of tin appeared highly beautiful. 

Tin put into aqua-fortis, with a considerable portion 
of refined sugar, afibrded a very thick adhesive solution, 
which assumed a blackish brown colour, like that of 
burnt sugar J and being tried as a mordant in dyeing, it 
was found incapable of fixing the cochineal or any other 
colours. The tin in this state did not seem fitted to com- 
bine with the fibres of the cloth, and the sugar had mani- 
festly suffered a kind of combustion, having probably in 
this case produced, upon the tin, as it does with indigo, 
(see p. 161,) a deoxygenating effect. Spirit of wine, put 
with tin into aqua-fortis, also rendered the solution unfit 
to serve as a mordant, and, as I conclude, by a similar 
deoxygenation. 

Tin, granulated and calcined with an equal quantity of 
saltpetre, in a red-hot crucible, being thrown into water, 
afforded a milky solution, tasting very sensibly of the al- 
kaline part of the saltpetre, and evidently suspending a 
considerable portion of the metallic calx. Cloth boiled in 
water with some of this solution, then rinced, and dyed 
with cochineal, took a crimson, inclining to the purple; 
and this, boiled in the same liquor with tartar, was chang- 
ed to scarlet. 

Having poured two pounds of aqua-fortis, with an 
equal weight of water, upon a large quantity of granula- 
ted tin, and left them together during the three summer 
months of 1790, 1 afterwards found near a pound of the 
calx of tin collected in solid lumps at the bottom of the 
glass vessel. This being separated and dried, some of it 
was finely powdered and thoroughly washed; and being 
put with an equal weight of cochineal into water, I boiled 
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cloth therein, which took a full equid crimson, somewhat 
deficient in brightness.* Tartar being added to the liquor, 
and the cloth farther boiled therein, it acquired a good 
scarlet Lemon juice used, instead of tartar, produced the 
like effect. By substituting caustic volatile albdi for tar-* 
tar and lemon juice, a crimson, greatly inclining to pur- 
ple, was produced. The oxide of tin, therefore, does not 
act in all cases merely as such^ but its effects often depend 
on triple, quadruple, and sometimes eyen more complete 
combinations, in which different saline and other parts ci 
the compound remain permanentiy united, at least where 
the shades of colour depending on them are found per* 
manent. It is thus that sea-salt, and other purely saline 
matters, which, having no earthy or metallic basis, can- 
not become the basis of any adjective colour, produce 
lasting effects in modifying and varying die shades of dai- 

ferent colours, f 

It must, however, be observed, that though die calx 
of tin, just mentioned, was, after being thoroughly wash- 

* The calx or oxide of tin employed for this experiment, was 
some of that which is mentioned at pages 159 and 160, as having 
cfBcaciously cf^oxygenated indigo: consequendy it was &r from be- 
ing in the state of a peroxide, or at the maximum of oxygenation; 
in which state I consider tin as being incapable of producing with 
cochineal any thing more red or elevated than an orange, or a 
salmon colour, at the most. 

t Hellot describes, at p. 334, a << Cramoui de Languedocy* which 
was dyed with cochineal upon cloth, prepared as for the scarlet 
dye, excepting, that instead of tartar, sea-salt was added to the so- 
lution of tin; which addition caused the eolour to incline towards 
the purple or dark cpmson; an effect which all the mineral adds 
seem to produce with cochineal, when neutralized by soda, and 
more especially by potash; and therefore, in making the common 
dyers' spirit, when nitric and muriatic acids, perfectly free from the 
sulphuric, can be had, it would be beUer to employ the muriatic 
acid instead of sea-salt, especially when very bright scarlets are 
wanted. 
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ed and dried, capable of dyeing a crimson on woollens 
with cochineal, and a scarlet, where either tartar, lemon 
juice, or quercitron bark were added, it would not per- 
manently combine with, or become the basis of, these 
c(dours upon cotton; and indeed, on woollen it was only 
the finer particles of the calx which really combined with 
the colouring matter and the wool, the grosser being al» 
ways distinctly found at the bottom of the dyeing vessel; 
and when I attempted to impregnate woollen cloth with 
this oxide of tin only by boiling them together, I always 
found, on rincing the cloth, and endeavouring to dye it 
with cochineal in a different vessel or bath, that the oxide 
had not pen^rated or united with the wool, so as to af. 
ford a basis for raising and fixing the colour, it being 
necessary for this purpose, that both the oxide and the 
colouring matter should be mixed together in the dye- 
ing vessel, and exert their mutual attractions for and upon 
each other, befi>re they could be properly taken up by 
the cloth; and this w^ dcxie better after they had been 
previously mixed and left together for several hours. 

One ounce of the calx of tin before mentioned, un- 
washed, being dissolved in three ounces of muriatic acid, 
and wooUen cloth being dyed with a tenth of its weight 
of this solution, and a twentieth of cochineal, it took but 
a very languid colour. The oxide of tin, (probably from 
too much oxidation,) being inmiediately decomposed upon 
its intermixture with water, and manifesting very littie 
disposition to penetrate or combine with the fibres of the 
wool; so that after long boiling, a great part of it, and of 
the colouring matter, remained suspended in the dyeing 
liquor, as in my second experiment at the ^dye-house of 
Messrs. Goodwin and Co. 

Cochineal with a solution of tin by muriatic acid only, 
dyed a beautiful crimson or rose c<dour; and with a solu- 
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tion of that metal, by a miocture of tartar and muriatic 
acid, a beautiful scarlet. 

Cochineal, with tin dissolved by a mixture of muriatic 
and pyroligrieous acid, produced a dark crimson; and 
with tin, and a little manganese dissolved in muriatic acid, 
it produced a very bluish crimson. 

Cochineal, with tin dissolved by muriatic acid and bo- 
rax mixed, dyed a very good crimson. 

Cochineal, with tin calcined by the long continued ac- 
tion of sulphuric acid, dyed a salmon colour; and with a 
recent solution of tin, it produced a reddish salmon co- 
lour, inclining a little to the crimson. A like colour was 
produced with tin dissolved by equal parts of sulphuric 
and nitric acids mixed. 

Oil of vitriol, having been poured upon tartar and gra- 
nulated tin, the mixture immediately became black, by 
the action of the sulphuric acid upon the carbonic basis, 
which, with hydrogene and oxygene, are the constituents 
of tartar. Cloth, dyed with a tartaro-sulphuric solution of 
tin thus made, and cochineal, took an aurora colour. 

Tin dissolved by the pure acid of tartar, separated 
from its alkaline basis, (by the means usually employed 
for that purpose,) dyed with cochineal on cleth a very 
lively and beautiful scarlet, inclining a little to the 
orange. A similar colour was produced by water satu- 
rated with cream of tartar, in whicn granulated tin had 
been kept six weeks. 

Tin may be readily dissolved by pure citric acid, and 
more slowly by lemon juice; and the solution newly made, 
dyes, with cochineal, a most beautiful scarlet, inclining, 
like the preceding, a little to the aurora. Indeed, I have 
repeatedly found, that the citric acid with tin, acts at 
least as efficaciously as that of tartar in yellowing the 
cochineal crimspn. Nothing can exceed the beauty of 
scarlet dyed with the citrate of tin, and if it were not 
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too costly, this solution would deserve the preference of 
every other for dyeing scarlet. 

Granulated tin, dissolved by strong vinegar, acquired 
a milky appearance, with a very particular, and somewhat 
of an unpleasant smell; and with cochineal it dyed cloth 
of a scarlet, inclining a litde to the rose colour. 

Tin dissolved by the pyroligneous acid produced with 
cochineal a colour between the scarlet and rose colour. 

Phosphoric acid produced a permanently transparent 
and colourless solution of tin, which, with cochineal, dyed 
a bright yellowish scarlet. 

Tin, dissolved by fluoric acid, produced with cochi- 
neal a very bright scarlet. 

In addition to this account of experiments made pre- 
viously to. my first publication on this subject, I will 
mention a few of those which I have since made. 

Tin having been dissolved by a direct mixture of pure 
nitric and muriatic acids, in equal proportions, the for- 
mer of the specific gravity of 1500, and the latter of 
1170, this solution, with cochineal and the common al- 
lowance of tartar, produced a very bright lively scarlet. 

Tin, having been dissolved by a similar mixture, with 
an addition of sulphuric acid, equal to one fourth of the 
nitric, and the solution being afterwards employed with 
cochineal and tartar, as in the last-mentioned experiment, 
a salmon colour only was produced. 

Tin, being dissolved in a mixture similar to that last 
mentioned, but with this difference, that before the sul- 
phuric acid was added, tartar, amounting to three times 
the we^ht of the sulphuric acid, had been mixed with 
the nitric and muriatic; and this solution being employed 
with cochineal, and a litde more tartar, a good scarlet 
was produced; the tartar which had been added before 
tlie sulphuric acid having, by its alkaline part, neutraliz- 
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ed the vitriolic acid, and obviated the evil produced by 
the latter, in the preceding experiment. 

Having precipitated the oxide of tin, (by soda,) firom 
the common dyers' spirit, or nitro* muriate thereof, and 
subjected this to the action c^ sulphuric add, I found it 
incapable, with cochintal, of dyeing any colour more 
elevated than the orange. 

After this account of the effects of ^the oxides of tin, 
in various states and combinations, when applied with co- 
chineal on wool or woollen cloths, it is, I think, expe- 
dient for me to add a few other observations concerning 
thosQ particular solutions of that metal, which are roost 
frequently employed as mordants in dyeing, and the 
means by which they may be most advantageously ob- 
tained and employed* 

It can hardly be necessary to premise, that for these 
solutions, the purest tin should always be selected, such 
as that of Malacca; next to which is that of Banca; and 
after it, the tin of Mexico is considered as most pure. 
In regard to the tin mines of Europe, those of Cornwall 
afford tin of the greatest purity; and after these, the 
tin of Bohemia is considered as preferable to that of 
Saxony. 

The most frequent adulterations of tin are produced 
by intermixtures of arsenic, lead, copper, and iron. The 
first of these renders tin whiter and more brittle; the 
others give it shades of grey, which are dark, when either 
of the two last bears a considerable proportion* The 
means of detecting these adulterations have been men- 
tioned by most of the systematic chemical writers. The 
presence of either iron or copper in tin, may be readily 
ascertained by dissolving a little of it in pure muriatic 
acid, and dropping the solution into a prussiate of lime, 
which will afford a precipitate more or less hlue^ if the 
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tin contains iron; and if it contains copper, a reddUh 
bronze precipitate. 

When pure colourless nitric and muriatic acids are 
mixed in quantities not very disproportionate, the former 
of these acids will be partially decomposed, with an exha- 
lation 6[ oxymuriatic acid, and a production of nitrous 
gas; but this last will remain for some time dissolved by 
the mixed acids, and g^ve the mixture a red colour; and 
if granulated tin be added to the mixture, it will soon 
destroy |thb red colour, by expelling the nitrous gas; 
and will, moreover, cause a farther decomposition of die 
nitric acid, by combining with its oxygene; which com* 
binati<»i renders it .susceptible of a more speedy dissolu- 
tion by the muriatic part of the compound. 

Dyers, however, do not commonly produce their aqua- 
regia by a simple mixture of the nitric and muriatic acids, 
but by adding to single aqua-fortis a portion of sea-sal(; 
and in so doing they, (without knowing it,) obviate the 
injury which the small proportion of sulpliuric acid fre- 
quently contained, either in aqua-fortis or in muriatic 
acid, would produce, if allowed to act upon tin in con- 
junction with nitric acid; as I have found by numerous 
experiments. But in this way of producing a nitro-muri. 
atic acid, the soda contained in the sea-salt, by combining 
with the sulphuric acid, and forming Glauber's salt, ren-^ 
ders the latter incapable of any hurtful action; at least, if 
there be not more of it than the soda of the seas-alt can 
neutralize; and when this happens, the addition of a little 
saltpetre, which Hellot and others have thought benefi- 
cial, (without assigning any reason for thinking so,) would 
render this excess of sulphuric acid harmless, by afford- 
ing potash to form with it a sulphate thereof. 

By modem chemists, the solution of tin, when made 
by nitro- muriatic acid, is supposed to contain, or afford, 
only a muriate of that metal; it being assumed, that the 
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nitric acid suflfers a complete decomposition, and that its 
oxygene is all^ either expended to oxidate the metal, or 
exhaled with the nitrous gas. I believe, however, that the 
nitric acid is never completely decompogedy by this ope* 
ration;* at least I have never found any sohition of tin 
made by nitro-muriatic acid, which did not diScr con- 
siderably in its sensible qualities, and also in its eflfects, 
as a mordant, with cochineal, &c. from a solution of that 
metal by pure muriatic acid. I attach no importance to 
the strarv^ or amber^ colour of the solution of tin, com- 
monly employed by the dyers, while the muriate of tin 
is colourless; because the colour of the former certainly 
results from the neutral salts which it holds dissolved; 
for, when the solution is made by a direet mixture of 
pure nitric and muriatic acids, it is as colourless as if it 
had been made by muriatic acid cmly; but in this case, it 
invariably exhales, and for a long time, the odour of ni- 
trous gas, even when the acids were mixed in equal pro« 
portions; a certain proof, that the nitric acid was at most 
but partially decomposed. 

* The proportion of either sea-^alt or muriate of ammonia, em- 
ployed by scarlet dyers in making their ordinary solution of tin, is 
by much too small to permit us to believe the result of that process 
to be merely a muriate. Hellot, who prefers a muriate of ammonia 
to sea-salt, prescribes as the best proportion, only half as much of it 
in weighty as of the metal employed; and Dambournay used a pro- 
portion smaller than Hellot's, which, however, is, I believe, that of 
most of the dyers, whether they employ sea-salt, or sal-ammoniac; 
and certainly, neither of these could afford muriatic acid sufficient 
to dissolve t^ce its weight oftin^ as it must do, if the solution so 
produced were merely a muriate of that metal. I have sometimes 
employed a solution of tin, made by a diluted, but very pure nitric 
acid, with an addition of muriate of ammonia amounting to no more 
than one'Cighth of the weight of metal so dissolved, which could 
have contained but a small proportion of munate of tin; but this so- 
lution in a very few days will lose its transparency, and be capable 
of producing only orange salmon colours. 
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It has, moreover, several other peculiarities, particu- 
larly that of not affording crystals by evaporation, like the 
muriate of tin, and also that of becoming both opake 
and gelatinous by keeping, which does not happen to 
the muriatic solution; nor docs it, when used in excess^ 
injure the texture of wool, so much as an equal excess of 
the latter. 

One cause of this last peculiarity, or difierence, may 
depend upon the production of ammonia^ whenever tin is 
dissolved by nitro-muriatic acid. BerthoUet obtained sa- 
tisfactory evidence of the reality of this production, even 
when the aqua-regia was made by a direct and gradual 
mixture of the pure nitric and muriatic acids; and he 
considers it as being a fact, which may enable us to un- 
derstand, why in dyeing there is less difference than might 
be expected, between the effects of a solution of tin, made 
by this direct and simple mixture of the two acids, and 
those of a solution made by aqua*fortis with an addition 
of muriate of ammonia. / 

Besides this production of ammonia, M. BerthoUet 
supposes, that another occurs in the dyeing operation, 
whenever the heat is near the boiling point; and that, by 
this, and the former production of ammonia, the acidity 
of the solution of tin is gready diminished; which, as he 
thinks, will enable us to understand why the cloth is not 
injured by the common process for dyeing scariet, though 
the nitric acid of itself would, even when much diluted, 
produce hurtful effects upon it; and he also considers this 
as explaining the cause of the injury which the cloth suf- 
fered in my first experiment at the dye-house of Messrs. 
Goodwin and Platt.^ 



* After mentioning the neutralising, or saturating effect of the 
ammonia, formed and acting, as has been just stated, M. BerthoUet 
adds << on troure encore dans cette action Mtttrante I'expHcation 
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Having ascertained, as is mendoned in the note to p. 
342, that a muriate of tin, containing only half the quan- 
tity of that metal, which the acid might have been made 
to dissolve, had operated as efficaciously as an equal quan- 
tity, containing twice as much tin, and in some respects 
with a better effect, in the dyeing of scarlet, I was led by 
this and other &cts to suspect, that a much smaller pro- 
portion of tin than that . which the dyers commonly dis- 
solve in their nitro- muriatic acid, would produce equally 
beneficial effects. And, to ascertain the truth on this 
point, I put two drachms of powdered muriate of ammo- 
nia, into three ounces of strong nitric acid of the specific 
gravity of nearly 1500; and, having diluted this mixture 
by adding to it six ounces of water, I made it gradually 
dissolve fine granulated tin, until the acid was completely 
saturated; when I found that the tin so dissolved amount- 
ed in weight to a little more than half the weight of thQ 
nitric acid. On the same day I made another soludon^ 
similar in every respect to the first, excepting only that 
the tin dissolved therein weighed only half as much; and 
with ^ese solutions, I made several experiments, the two 
following days, which were afterwards repeated, and in 
all of them I found, that the solution containing only half 
6t the tin, which might have been dissolved therein, pro- 
duced with cochineal, colours which at least were in 
every respect as good as those resulting fix>m an equal 
quantity of the saturated solution; and after I had ascer- 
tained by several trials the smallest proportion of the half 
saturated solution of tin which was necessary to produce 

d'une obsenration de Bancroft. II vouloit substituer dans la tein- 
ture de Tecarlate, le muriate d'6tain, au nitro-muWate; mais, il en 
falldit une plus grande proportion, et la laine se troavoit fort d6terio- 
r6e. Dans cette operation, il ne pouvoit se fqrmer de l*ammo&i- 
aque, et Tacide muriatique, qui alTaiblit facilement la laine, exer- 
9oit sur elle toute son action." Elemens, &c. torn. i. p. 385. 
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a good scarlet upon a given weight of broaddoth, I founds 
that the saturated solution would only produce an infe- 
rior colour, when (on account of its greater proportion of 
tin) I diminished die quantity even but an eighth part, I 
conclude, therefore, that nearly one half thp tin, which 
the scarlet dyers commonly dissolve with aqua-fortis, and 
a little sea-s^t, to make what they denominate spirit^ h 
wasteJiiUy employed; a feet which, considering the in- 
creased price of tin, may, by proper attention, produce a 
saving of very considerable importance. It iqppears to 
me, indeed, firom a variety of considerations, that a pro- 
portion, and not a small one, of superfluous or unsatura- 
ted acid, is highly useful to enable the basis, or oxide of 
tin, actually employed, to produce its utmost and best 
effect, by conveying it more copiously and thoroughly, or 
with greater penetration^ into the substance of the wool 
or cloth. For, with this superfluous acidity, I have re* 
peatedly made the scarlet dye penetrate completely the 
innermost parts of the cloth, without any of the means 
mentioned in a note at p. 67, as having been employed 
by Mr. Mish^ and his successor, for this purpose, and 
without any other means excepting the use of a super- 
fluous acidity; and I think one of the benefits resulting 
from the employment of taitar, either with alum or with 
the solutions of tin, is that of furnishing a portion of un- 
combined acid, in addition to that which accompanies the 
aluminous or metallic basis; which basis, being thereby 
enabled to penetrate wool or cloth more intimately, after- 
wards attracts the colouring matter more copiously and 
thoroughly. It must however be observed, that this su- 
perfluity of acids may be too great; and that it should 
never be employed in the same bath^ or liquor, which 
contains the cochineal, but always in the previous boiling; 
since all acids, when present in a large proportion^ weak- 
en or render latent the colour of that insect. 
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In regard to the muriate of tirtj I may be allowed to 
premise, that the muriatic acid, in its liquid state, is ne- 
cessarily combined with water; and that the propor- 
tion of the latter, in which the acid is best preserved, and 
most commonly sold, b such as to render its specific gra- 
vity equal to 1160, or at most 1170; and that, when of 
th^ latter degrees of strength, three pounds of it will dis- 
solve nearly one pound of granulated tin, with the assist- 
ance of a sand-heat. 

When pure^ the muriatic acid is colourless; though it 
frequently exhibits a light straw colour, resulting, as is 
supposed, from a small portion of iron dissolved by it: 
but this disappears almost instantaneously, if a litde tin 
be dropped into the acid* 

The dissolution of tin by this acid, is always accom- 
panied by a copious emission of bubbles^ which, except- 
ing a little of the acid escaping at the same time, appear 
to consist of hydrogenCj disengaged, as has been gene- 
' rally believed, in consequence of a decomposition of the 
water previously united to the acid; which decompositicxi 
is supposed to afford oxygene sufficient to oxidate the 
metal, as far as is necessary to render it soluble by the 
muriatic acid. Davy, however, in reviving the doctrine of 
Scheele, endeavours to maintain, that the muriatic acid 
itself contains hydrogene, which, by this operation, is set 
free, while that, which he supposes to be its elementary- 
part, and which he denominates chlorine^ dissolves and 
combiiks with the metal. (See Phil. Trans, for 1810.) 

Having already, in the introductory part of this vo- 
lume, stated every thing which I mean to suggest, on 
this intricate subject, 1 shall proceed to observe, Aat how- 
ever the emission of hydrogene may be explained, it is 
attended with a considerable escape of muriatic acid, 
which carries with it a portion of the metal itself, as is 
manifested by the smell. Gav Lussac considers himself 
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as having ascertained that tin, by being so dissolved, 
combines with 13,5 per cent, of oxygene; and that, by 
making a current of aqueous vapour pass over the metal, 
in a red heat, a white oxide may he produced, similar to 
that which is formed by subjecting tin to the action of 
concentrated nitric acid, and which, according to his ex- 
periments, consists of 27,2 parts of oxygene to 100 of 
tin. (See Ann. de Chimie, torn. 80, p. 169). 

Those who wish to dissolve large quantities of tin by 
muriatic acid, will find it advantageous to decompose the 
dry sea-salt, by employing sulphuric acid in the propor- 
tion of five parts of the latter to eight of the former; using 
the precautions which have been prescribed, by chemical 
writers: and, by collecting the muriatic acid as set fi^ee 
in vapour, and conveying it immediately into large re- 
ceivers, containing granulated tin with a little water, to 
absorb the dry acid vapour, the heat constantly and gra- 
dually evolv^ by that absorption, will, (as M. Chaptal 
asserts,) suffice to promote a solution of the metal, with- 
out any expense of fuel. (See Chimie, appliqu6 aux 
Arts. tom. iv. p. 182.) In this way, also, the loss of acid, 
and of tin, by evaporation, may be in a great degree ob- 
viated; as indeed it may be when common muriatic acid 
is employed for this purpose, if the solution by made in 
tubulated retorts.* 

* Being at the house of Mr. Hawker, at Dadbridge, near Stroudf 
in Gloucestershire, during several of the last days of August, 1795^ 
about twelve months after my first publication on this subject, that 
very estimable dyer informed me, that he had then lately begun to 
employ the muriate of tin for dyeing scarlet with good effect, and a 
considerable saving of expense in regard to the mordant; and he 
also showed me the way in which his muriate of tin was prepared^ 
which was, by putting large portions of the granulated metal into 
muriatic acid contained in capacious, open vessels, and leaving it 
therein several weeks, assisted only by the summer's warmth: a 
great evaporation and waste of acid unavoidably occurredi and the 
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If tntirhte of tin, contaimfig one-fourth of its weight of 
the metal, be sufficiency evaporated, it will ' afford ' consi- 
derably more than half its wdght of solid transparent 
crystals, which are the heaviest of all the metallici salts; ( 

but the evaporation is accompanied with a pungent disa- 
greeable odour, produced by an intimatii combination of 
muriatic acid and tin, which is highly volatile; and, tonse- 
4iuendy, the bringing such a solution into a crystallized 
form, must be attended with a great loss, both of the acid 
and the metal. 

Tin when first dissdved by muriatic acid, is supposed 
to- be at the lowest degree of oxidation, but if the atmo* 
sphere be allowed free access to the solution, it will con- 
stantly absorb and unite with an increased portion of 
oxygene; and Pelletier pretends, that in proportion as it 
does this, and becomes most oxidated^ it also becomes 
most efficacious and useful as a mordant in dyeing.* But 
his experiments certainly do not warrant any such gene- 
ral inference; and the numerous trials which I have made 
of this metal as a basts^ (veith cochineal, quercitron bark, 
&c*,) at various, and probably at all the possible degrees 
of oxidation,! have abundantly convinced me, that the 

acid, as far as I could judge, was not more than half saturated; 
which doubtless was an advantage. 

* Sec Mem. et Obscrvat. de Chimie, torn. t. 

1 1 am aware that modem chemists are disposed to consider tin 
as only susceptible of two stages or degrees of oxygenation; the 
lowest called a firotoxide^ in which the metal contains about 13 
per cent, of oxygene; and the highest- called peroxide^ in which, 
according to some estimations, it is at about 34 oxygene to 76 of 
tin, and, according to others, at 28 to 73. 1 believe, however, that in 
my experiments, I have employed this metal at several interme- 
diate stages or degrees of oxidation, notwithstanding all that has 
been written, and particularly by Professor Berzelius, on the deter- 
ndnate profiortionn in which the inorganic elements of nature are 
supposed to unite. 
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oxii^c of tin acts most powcffuUy in exaking a^d giving 
vivacity to cplpurs, . ^when it is but fitiie oxii^ated, and 
that every degree of Qxyg^nation beyond a certain unas- 
certained number, tepds to reduce or diminish the high 
red of the cochineal dye, and at the saipe time to make it 
incline to» or partake of, too much of the orangey so as 
only to' [produce, when highly oxidated, what I have de« 
nominated a salmon colour. SuQh is invariably, and in fL 
remarkable degree,.the effect of tin, when it has been sub- 
jected to the action of sulphuric acid alone, or in con- 
junction with the nitric; and also after it has been for 
some time rapidly dissolved by pure nitric acid but little 
diluted; and it can hardly be necessary for me to adds that 
in all these cases the metal will have obtained a higher 
degree of oxyjgenation. Similar effects, though in s^naller 
degrees, have been found to result from a variety of com* 
binations by which the o^ide of tin, though less oxyge< 
nated than in the former, was yet too much so to pro- 
duce its best effects. 

In stating as my opinion, that tin is most efiicacious in 
raising and giving brightness to colours, when but httle 
oxidated, I purposely avoided the word leasts because my 
experiments do not warrant me to say that colours are 
not as much exalted, and enlivened, by a muriate of tin, 
to which a little nitric, or a little sulphuric acid has been 
added, (after the solution was made,} as by the muriate 
alone, when recently made; provided that only one of 
these acids be added; for both together would, as has al- 
ready been observed, render the tin incapable of produ* 
cing, with cochineal, any thing more elevated than a sal- 
mon or orange colour. But in attributing such effects to 
variations in the degrees of oxidation, at which tin is em- 
ployed, I desire not to be understood as believing, that 
these ahne operate^ in producing differences in the shades 
ef cochineal colours, or that the several acids employed 
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do not exercise a very considerable influence, in this re* 
spect, by their peculiar properties, independently of their 
eflfects in oxygenating the metal itself. 

In concluding these observations concerning the muri- 
ate of tin, I beg leave to repeat, what has been already 
mentioned, that though it certainly acts more strongly 
than any other solution of that metal, in weakening the 
fibres of wool, especially when the acid is saturated by 
the metal, it may, when the latter is dissolved more spa- 
ringly, be employed with perfect safety, (and a consider- 
able saving of expense,) and more especially in conjunc- 
tion with the usual proportion of cream of tartar; and even 
with a considerable proportion of sulphuric acid, which 
indisputably, though perhaps unaccountably, moderates 
this hurtful action of the muriate of tin,^ as indeed every 
ether acid seems to do. 

I have mentioned with approbation, between pages 286 

* A manufacturer who supplies the counUy d^ers with not only 
the muriate, but the murio*8ulphate of tin, (recommended at p. 
358,) assures me, that to produce the latter he first prepares the 
muriate of tin, which he sells of two sorts; in one of which the dis- 
solved metal amounts to a fourth, and in the other to a fifth part o£ 
the solution; and by gradually adding to either of these two-thirds 
of its weight of concentrated oil of vitriol, he produces a murio- 
aulphate of tin, in which, however, the acids are not more than half 
saturated; but, notwithstanding the great strength of these acids, 
the solution has not been even suspected of producing any injurjr 
to cloth dyed with it; and the preparer of it asserts, that it produces 
the best effects after being kept several years. No length of time 
which has elap§ed since it was first made and recommended by me, 
seems capable of diminishing its colourlew tranefiarency^ which 
equals that of the clearest spring-water; a circumstance which 
seems not a little extraordinary, when we conuder that sulphuric 
acid alone is speedily decomposed by tin; sulphur being distinctly 
produced, and the tin itself converted to a brownish calx, which 
subsides in a mass to the bottom of the vessel, in which the decom- 
position has been effected. 
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and 291, the results of several experiments made, by 
MM. Thenard and Roard, to ascertain the effects pro- 
duced on wool, by b ling it with the usual proportions 
of alum and tartar, and also with the usual proportions 
of the latter, and of the nitro-muriate of tin, as employed 
for the dyeing of scarlet; and it seems proper that I 
should here notice some otlier parts of their ^^ memoirey^^ 
which relate more immediately to the production of this 
colour. 

** Scarlet, (they say,) is obtained by treating wool with 
determined proportions of cochineal, acidulated tartrite of 
potash, and a highly oxydized solution of tin.^^ ^* The 
operation is divided into two parts; the first taking up an 
hour and a half, and the second half an hour:" ^^ This 
division (they add) is necessary to produce a good co» 
lour, which would be weaker and more yellow if all the 
substances were mixed in the first operation and applied 
to Ae M'ool for two hours,'* by reason of the acidity of 
the bath or dyeing liquor. " We obtain," say they, " a 
contrary eifect when the mordants only are employed in 
the first operation, and the cochineal is reserved for the 
second.'* They, however, contradict this last position, 
in another part of the same memoir, by asserting that 
wool, combined with the mordants in question, and dyed 
afterwards separately with cochineal only^ wiU never be^ 
come scarlet; because this colour, as they allege, can only 
be produced by a cochineal bath, which is very acid 
" trcs acide," ** et qui en fiusant passer aujaune^ le ton 
de la cochenille, donne alors tant d'eclat i cette cou« 
leur."* But the effect of tartar, which principally causes 
this approach to yellow, in the cochineal colour, may, as 
I have found by scores of experiments, be very well pro- 
duced, together with that of the solution of tin, by the 

* See Ann. de Chimie, torn. bLxir. p. 390. 
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firit boiling and a very fine scarlet be afterwards dyed 
by the second^ with cochineal alone, taking care only, 
when no tartar or tin is intended to be employed in the 
last operation with the cochineal, that a full proportion of 
them be employed in the first, and that their efiects be J 

not removed or diminished by rmcing the clothe between 
the first and second boilings. In regard to the inconve- 
nience of dyeing scarlet by a iwgle operation or boilings 
I will only, observe, in addition to what I have stated on 
that subject at p. 337, that where only a bare iufficiency 
of cochineal b employed, with a JuU proportion of the 
mordants, and especially of tartar, the colour, though 
very lively, will appear rather deficient in quantity, or 
body, because the cloth will not completely exhaust the 
dyeing liquor of its colour, when the acids are in excess* 
This, however, will not ultimately be attended with any 
waste of colour, because dyers, by a succession of undyed 
pieces, know how to take up, and fully avail themsdves 
of every thing left, by a former operation. 

In regard to the high degree of oxidation of tin, which 
these gentlemen consider as necessary for producing a 
scarlet, I must conclude, that they have been misled by 
the opinion of Pelletier on this subject, or that they have 
supposed the solutions employed by them to be much 
more oxygenated than they really were. Certainly I have 
produced, as I believe, more than one hundred times, 
scarlets as beautiful as can be any where found, by the \ 

recenty and little, perhaps least, oxidated muriate of tin, 
with only the usual proportions of tartar and cochineal; 
and I have very often found myself unable to produce 
any thing better than an orange or a salmon colour, by 
solutions of tin, which certainly were highly oxygenated. 
Indeed, the dyers notoriously and universally consider 
their spirit, or nitro-muriatic solution of tin, as being unfit 
for their purpose, when it loses its transparency; an eflfect 



' Phibmophy ofPermanrnt Colours. 387 

which indicates, and results fiom a greater degree of 
oxygenation in the metal.* 

In another part of their memoir, these gentlemen are 
pleased to say, that though the process for dyeing scarlet 
has long been known, no person has made any theoretical 
researches, concerning the phenomena which occur, when 
the solution of tin, cream of tartar, and cochineal, are 
made to act upon, or with each other, *^ dans le traitemeni 
de la dissolution d'6tain avec la cr^me de tartre et la co- 
chenille;'' adding, that I, who (as they observe) have oc* 
cupied myself with great success in dyeing, have indeed 
endeavoured to explain what occurs ia the formation of 
die scartet colour; but that as my opinicxi does not seem 
io them to have been founded upon any experiment ^ they 
are intided, notwithstanding that opinion, to consider the 
question as being no more decided, than it was before the 
publication of my work.f As these gentlemen distinctly 
assert, in this their memoir, that the production of a scar^ 

* I have said, at p. 376, that the straw or amber colour of the solu- 
tion of tin, commonlr employed by dyers, appeared to result from 
the ueutral salts which it holds in solution. I have, however, since 
discovered that I was then misled by an experiment which ought 
to have been differently explained, and that tMs colour may be 
instantly either produced, or increased, by adding a very little mu- 
riate <^ tin to the nitro-muriate of that metal; the former, by being 
thus added, producing a decomposition of the nitric acid in the lat- 
ter, and a disengagement of reddish nitrous gasj which occasions 
the colour, and affords an additional proof of my assertion, at p. 
376, that the nitric acid is neyer completely decompojied^ in the 
dyers' spirit, or nitro-muriate of tin. 

t ** Le Docteur Bancroft, qui s'est occup6 avec beaucoup de 
succ^ de la teinture, d biep cherch6 indiquer ce qui se passe dans 
la formation de cette coulettr, mais comme son opinion ne nous 
paroit appuy6e sur aucune experience, nous n'en devious pas moins 
regarder cette question comme aussi peu avanc^e qu'elle r6t<Hfr 
avant la publication de son travail.*' Ann. de Cbimie, toili. 75. p. 

ass. 
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f lei colour (instead of a rose or crimson) bjr the 

^ process, is due to the action of the acid of tartar, and n 

this is precisely what I had distinctly asserted and main* 
tained sixteen years before^ I must understuid them noC . 

as intending to controvert my opinion, but to r^resent *| 

it as one which, though correct, had been formed or ha^ 
xarded^ without any experiment or evidence; and that, 
therefore, what I had done, was of litde or no vadue, 
and that they were alone entitled to the credit of havii^ 
ascertained and established an impcHtant &ct. 

Not finding in m\ self any desire to conceal, overtook, 

or undervalue the labours of others, to render my own 

/ more important, I am unwillii^ to suspect that desire in 

these gendemen; but I con only avoid doing so, by sup- 
posing that >vhen they ventured to represent me as having 
made no experiment on this subject, they were not only 
ignorant of, but culpably negligent in ascertaining the 
truth, as they might have done by recurring to the state- 
ments between pages 284 and 288 of the volume publish- 
ed in 1794, (now reprinted between pages 352 and 355 
of tills volume,) which abundandy manifest that the opi- 
nion in question, was not only supported, but had been 
forced upon me, by a great number of decisive experi- 
ments. 

Broadcloths, as commonly manufactured, vary in widdi 
from 60, to 63 inches; and they vary also considerably in 
substance or weight. Of three samples of scarlet broad- 
cloth which I weighed, the heaviest, said to be Mr. Nash's, 
was equal to one pound eight and one half ounces per 
yard, and the lightest to one pound two ounces and one- 
tenth. Cloths when dyed of the greater part of the colours 
in use, shrink and acqujre weight; but when dyed scarlet, 
they, by reason of the action of the acids employed, be- 
come of less weighty and each piece is made a yard or 
two longer; the effect of fuUing being in some degree 
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undone; and when so lengthened, they are said to be 
leached. 

Having thus communicated the results of my obser. 
vations on the uses of tin, in various combinations, as a 
mordant upon wool with the cochineal colouring matter, 
h remains for me to state, as shortly as possible, the ef- 
fects of other bases with the same colouring niatter also 
upon wool or woollen cloth. 

Cochineal with nitro-muriate of platina, dyed a red; 
which, i)y the addition of carbonate of lime, became a 
chesnut colour. 

With nitro-muriate of gold, it dyed a reddish brown. 
With nitrate of silver, a duD red; and with muriate of 
silver, a lively reddish orange. 

With the acetite of lead, a purple, inclining to the vio* 
let; and with nitrate of lead, a delicate lively colour, be- 
tween the red and cinnamon, but inclining most to the 
former. A litde murio-sulphate of tin, added to the U* 
quor in which this last was dyed, soon changed it to a 
good crimson. 

With either the sulphate, nitrate, muriate, or acetate of 
iron, cochineal produces a dark violet, and even a fiiU 
black colour, when employed in sufficient quantity. 

All the preparations of copper appear to sadden and 
debase the colouring matter of cochineal; and all those 
of mercury, which I have tried, do this in much greater 
degrees; most of them, whilst they debase the colour, 
seem to annihilate or render latent a considerable part 
of it 

With nitrate of zinc, cochineal dyed a lively strong 
lilac colour approaching nearly to purple; and, 

With muriate of zinc, a colour like the preceding, but 
inclining a little more to the purple. Probably the iron 
usually contained in zinc may have contributed in these 
installs to incline the cochineal crimson so much to the 
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blue or violet shades, since an oxide of zinci in sofme 

very pure lapis caliminaris, being dissolved by muriatic \ 

acid, dyed (with cochineal) a scarlet, but little inferior to 

diat commonly produced with the nitro-muriate of tin and 

tartar, except in being a little more yellow; and upon add* < 

ing a little murio-tartrite of tin to the dyeing Uquor, it i 

soon produced a good scarlet The pure oxide of zinc, 

therefore, seems to approach nearest to that of tin, in ex* • 

alting the colouring matter of coctuneal; though I believe 

the colours resulting from it are less durable than those ^ 

with the basis of tin. 

With different solutions of bismuth, cochineal produ* 
ced various shades of lilac; some of them very lively and 
delicate; but all preparations of this semi-metal, instead 
of display hig and exalting the cochineal colour, tended to 
render a part of it latent. The oxide of bismuth, dissolv. 
ed in strong vine^^ar, did this less than most of the other 
preparations; it dyed with cochineal a pretty good pur* 
pie, and the murio*sulphate of bismuth, a salmon co« 
lour. 

With nitrate of cobalt, cochineal dyed a good purple, 
and a violet with the sulphate of that metal. 

With nitrate of nickel, a dark lilac, inclining to the 
violet. 

With yellow oxide of tungsten, cochineal dyed a red 
much like that commcmly obtained from madder. 

With sulphate of manganese, an orange; and, 

With the nitrate of manganese, a colour resembling the 
madder red. 

With crude antimony, which had been subjected to the 
action of nitric acid, cochineal dyed a scarlet very much 
like that dyed with lapis caliminaris dissolved by muriatic 
acid, and but little inferior to the best scarlets given with 
the tin basis; and, 

With Macquer's arsenical neutral salt, or the acidu> 
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lous araeniate of potash, cochineal dyed a lively good 
puq)fe; and with commoa white arsenic a full dark lilac 

colour. 

Such were the eflfects of different metallic bases, in dye* 
log with cochineal oa woollen cloth. Of the simple earths 
I have only tried alumine and silex as bases with cochin 
oeal. Those of Zircon, Glucine, (or Glycine,) and Yttria 
(or according to Dr. Young, Ittria,) being too rare and 
coMy for this use. 

The eficcts of sulphate of alumine, or common alum, 
with cochineal, and especially in dyeing crimson, are well 
known. Alumina, or earth c^ alum, (obtained by deoom* 
posing and precipitating it by potash from water, satu- 
rated with alum,) when thoroughly washed, dried, and 
finely powdered, did not seem capable, in repeated trials, 
of alone fixing or serving as a basis of the cochineal co- . 
lour on wool. In this respect it differed from the powdered 
calx of tin. 

But the powdered alumine, being boiled up with cream 
of tartar, was so iar dissolved by its acid, that witli co- 
chineal it dyed a good crimson, though not much better 
than that which may be produced with the sulphate of 
alumine. 

The same powdered earth of alum, dissolved by lemon 
juice, dyed with cochineal a very good rich full crimson. 

The same powdered earth of alum dissolved by nitric 
acid, (and forming nitrate of alumine,) produced a good 
ted, inclining to the crimson. 

The same dissolved in muriatic acid, (muriate of alu- 
mine,) dyed a crimson, differing but litde from that pro- 
duced with common alum. 

The silicated alkali of Dr. Black, or powdered flints, 
di^ssolved by a violent heat in a crucible, with pure caus- 
tic alkali or poiash, was tried as a basis for the cochineal 
colour. At first, the fibres of the cloth did not seem to 
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have sufficient attraction for the siliceous basis and the 
colouring matter, to attach and fix them properly; but 
on adding a little sulphuric acid^ so as to decompose and 
neutralize a part of the alkali, which had dissolved and 
was combined with the siliceous earth, the cobur to<^ 
fi^y, and rose to a JUU^ richy pleasing purple, in which 
the red or crimson predominated considerably; and this 
colour afterwards proved sufficiendy durable. 

In regard to alkaline earths, (so called,) I found that 
lime-water with cochineal dyed a purple, which took but 
slowly, and required long boiling. 

That sulphate of lime, or lime dissolved by sulphuric 
acid, dyed a fiiU dark red. 

That nitrate of lime, or lime dissolved by nitric acid, 
dyed a lively red, approaching to scarlet. 

And that muriate of lime wiUi cochineal dyed a pur* 
pie. 

Cloth boiled in water with nitrate of lime^ and then 
dyed in clean water with cochineal and tin, dissolved by 
aqua-fortis and tartar mixed, received a good scarlet. 

Cloth boiled with carbonate of lime and alum, and then 
dyed in clean water with cochineal, took a good crimson, 
inclining to the bluish shade. 

Sulphate of barytes, or ponderous spar, not being solu- 
ble in water, was not tried. 

But muriate of barytes, employed as a basis for the 
cochineal colour, dyed a good lively purple; and 

Nitrate of barytes dyed a colour nearly similar, but 
inclining a little more to the crimson. 

Magnesia alone did not combine sufficiently mth the 
fibres of cloth, and with the colouring matter of cochineal, 
to serve as a basis for dyeing. 

But magnesia dissolved by sulphuric acid, (forming 
Epsom salt,) dyed a lively purple with cochineal, though 
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it took but dowly, and required long boiling. The ace- 
tate of magnesia dyed a lilac colour. 

Strondtes^ or strontia earth, dissolved by muriatic acid, 
and employed as a mordant with cochineal, produced oi) 
woollen cloth an orange colour. 

It appears, therefore, that besides the metallic oxides 
and solutions, the simple earths, so far as they have been 
tried, and aU the alkaline^ are capable of serving as bases 
of the cochineal colouring matter, though not with equal 
advantage; and we shall hereafter find, that they are ca- 
pable of doing the same to other adjective colours; a fact 
never before ascertained, though of great importance, as 
wen in respect of the practical improvements which it 
may produce, as of the general principles and conclusions 
to which it may lead us on this subject.* 

I have repeated nearfy all the foregoing experiments 
with silk, instead of wool, and generally with efiects less 
advantageous. Cochineal, indeed, with the aluminous ba- 
sis, dyes the crimson colour as well and as durably on 
silk as on wool, and the modes of producing a very last- 
ing crimson by these means are well known. But the 
oxides or solutions of tin tend to diminish the shining 
glossy appearance of silk, and therefore, when applied to 
it, do not reflect the cochineal colour with the same de- 
gree of fulness and lustre as upon wool; and it has, there- 
fore, been found impossible to dye a good lively scarlet 
on silk by the means which communicate that colour to 
wool. 

• I have {bund thai cochineal has so much affinttjr for wool, that 
if the latter be boiled with a portion of sulphuric acid sufficientljr 
diluted, and afterwards dyed with cochineal, it will, without any 
other basis, take a red colour, capable of bearing exposure to the 
sun and air for some weeks, though fewer than if dyed upon a suit* 
able basis. But cotton will take no colour in this way* 

Vol. I. 3D 
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The late Mons. Macquer, indeed, about the year 176S, 
pretended to have discovered the means of dyeing a scar* 
let upcxi silk by a process which he published in the Me- 
moirs of the Royal Academy of Sciences for that year. 
According to that process, he began by dyeing the silk: 
first of a yellowish orange colour, with annotta applied in' 
the usual way; then he soaked it for half an hour in a dilu* 
ted solution of tin, made by a mixture of two parts of the 
nitric with one of the muriatic acid; after which the silk was 
taken out, moderately pressed, and rinced in clean water, 
though he afterwards fbund it better to omit the rincing. 
To dye the silk, when thus impregnated with nitro-mu- 
riate of tin, he prepared a bath, by boiling from two to 
four ounces of cochineal and a quarter of an ounce of 
cream of tartar, for each pound of silk, some minutes in 
water; after which he added c(dd water, until the heat of 
the liquor was reduced to what the hand could bear, and 
then put in the silk, and dyed it as usual, gradually rais- 
ing the heat of the dyeing liquor, so as at last to make it 
boil for a single minute. I have several times repeated 
this process, but always found the colour produced by it 
very inferior to the scarlets usually dyed on woollen cloth; 
and M, BerthoUet informs us, that this was also the case 
at the trials which M. Macquer himself made of his pro- 
cess at the dye-house of the Gobelines; and in truth there 
was nothing-of any importance in Macquer's supposed 
discovery. It seems, indeed, to have been chiefly bor- 
rowed from a process published by Schefier, in 1751, 
excepting so far as relates to the colour first given with 
annotta, and excepting a difierence in the proportion of \ 

muriatic acid for dissolving the tin; a difference, how* !' 

ever, which did not render the solution in any respect ^ 

more efficacious. 

If the murio-sulphuric solution of tin, herein before 
described, be diluted with about five times its weight (X j 
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water, and silk be soaked in it for the space of two hours, 
then taken out, moderately squeezed or pressed, after- 
wards pardy dried, and then dyed, as usual, in a bath 
prepared with cochineal and quercitron bark, in the pro- 
portion of four parts of the former to three of the latter, it 
will receive a colour approaching very nearly to a scarlet; 
and this may be made to receive more body by a farther 
slight immersion into the diluted murio-sulphate of tin, 
and a second dyeing in the bath with cochineal and quer- 
citron bark; and if afterwards a little of the red colouring 
matter of safflower be superadded by the usual mode of 
applying it, a good scarlet may be produced. By omit- 
ting the quercitron bark, and dyeing the silk (prepared as 
before mentioned) with cochineal only, a very lively rose 
colour will be produced; and this msy be yellowed so as 
nearly to approach the scarlet, by adding a large pro- 
portion of tartar to the cochineal in the dyeing vessel. 

With lime-water as a mordant, cochineal gave to silk a 
very agreeable purple; with muriate of barytes, a lively 
delicate lilac coloun with murio-sulphate of bismuth, a 
salmon colour; and with nitrate of cobalt, a veiy lively 
and beautiful purple; with nearly all the other metallic 
and earthy bases cochineal produced similar, but paler 
colours on silk than on wool. 

The scarlet dye is still less applicable to coHon than to 
silk, there being, unfortunately, but a slight affinity be- 
tween the former and the oxide of tin, even when united 
with the colouring matter of cochineal. This was de- 
monstrated by the late M. Dufay, who caused a piece 
of cloth to be n^anufactured from a mixture of wool and 
of cotton, which having undergone the usual process for 
dyeing scarlet, became, as he describes it, "marbr6e de 
couleur de feu et de blanc,'^ (marbled with white and 
fire colours,) the cotton remaining perfectly white, though 
the wool was dyed scarlet: and he found a like want of 
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attraction between cotton and the colouring mfitters of 
kermes and stick lac. He morever found that a skein of 
white woollen yarn, and another of cotton, being at the 
same time, and in an equal degree, submitted to the ac« 
tion of the same preparation, and dyeing liquors, which 
are commonly employed tor scarlet, the woollen yam 
received a beautiful scarlet, or, as he terms it, ''^ fin 
colour i^^ whilst the cotton remained as white ab at first.4^ 
Similar efiectsf have frequently occurred to me, and I 
have clearly perceived them to arise, not because the cot* 
ton is not capable of imbibing the scarlet dye; but be- 
cause, having a weaker atti*actioa for it than that which 
wool exerts on the particles of thstf dye^ the latter drawSy 
and exclusively appropriates te iUelf, all the colour con* 
tained in the dyeing liquor; though when cotton is sub- 
jected to the same process by itself, freed from the inter- 
ference of a superior attraction from wool, it takes a scar- 
let colour, as I know by repeated trials, more slowly, in- 
deed, and paler, than that which is usually imbibed by 
woollen cloth. It is, perhaps, owing to thb weaker attrac- 
tion between the fibres of cotton, and the scarlet dye, that 
the latter is so much less permanent on cotton than on 
wool; and it is also from this want of sufficient attraction, 
that the cochineal colour is found to take most benefi- 

* See Mem. del* Acad. Ro. des Sciences, &c. 1737. 

t In tbe dyeing of scarlet, it is every day seen, that pieces of 
woollen cloth or stuff, having at each edge a narrow longitudinal 
stripe, formed by an intermixture of cotton yarn, after being im- 
pregnated in the usual way with the mordant or oxide of tin, will 
attract and imbibe the colouring particles of cochineal, so as to ex- 
haust the dyeing liquor, and sometimes leave it perfectly colourless, 
and become scarlet in every part, excepting the stripes formed of 
cotton-yam, which always come out of the dyeing liquor without 
the smallest tinge or change of colour, though both the mordant 
and the particles of cochineal are applied to the latter equally 
with the other parts of the cloth. 
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cially on cotton, ^hen the ham has been Jirsi applied 
separatefy. 

' Schcflfer, in 1751, recommended the dyeing of scariet 
on cotton in this way, by first soaking it in a diluted ni- 
trO' muriate c^ tin, and afterwards dyeing it with cochi- 
atal; but the colour being fugitive, little or no use was 
ever made of the process; though the late Dr. Berken- 
baut probably availed himself of it some years afterwards, 
when he pretended to have discovered the means of dye- 
ing ** scarlet, crimson, and other colours, upon cotton and 
linen;" and though his pnxiess was not materially dif- 
ferent from that of Scheffer, nor in any respect preferable 
to it, he found means to obtain 5000/. sterling fix>m the 
British government, as a reward for making it public* 

* Dr. Berkenhout's process having, I believe, never been pub- 
lished, 1 shall subjoin the account of it, which was ^^ communicated' 
by order of the Lords of the Treasury to the Company of Dyers in 
,the City of London, the 26th of August, 1779;" viz. 

*' Cotton or linen, either in yarn or the piece, should be perfectly 
wet with hot water, and then wrung out^ as is the common practice. 

**• This being done, it must be perfectly soaked in a solution oF 
tiui diluted with an equal quantity of clear soft water. 

^ The cotton or linen being so far prepared, must be wrung out, 
but not forcibly ; then it is to be nearly dried, laying horizontally 
upon a hurdle, with a double linen sheet between and covered with 
the same. 

<< The solution of tin being for scarlet^ must be made of nitrous 
acid, and not of aqua-fortis; but for crimson, aqua-fortis must be 
used; and the bloom is to be given, after it comes out of the dye, by 
a small quantity of sal-ammoniac and pearl ashes> dissolved per- 
fectly in warm water; but this water must not be more than milk- 
Warm. 

<* The colouring vat, for the scarlet or crimson, is simply cochi- 
neal in water, no hotter than the hand will bear; and as vegetable 
matter receives only the small particles of the colour from the na* 
tore of its pores, two ounces to a pound of the materials dyed may 
be necessary; but cotton or linen, fresh prepared^ will draw from 
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But as no use ever has been, or is likely to be made of 
this supposed discovery, I must hope, and,. indeed, I 
think it probable, that the Doctor had some better claim 
to a national remuneration, though, from particular coo* 
siderations, it was not brought into publie view. 

Besides the fugitive nature of the scarlet dyed by Dr. 
Berkenhout's process, which, indeed, is calculated to pro- 
duce only a crimson, and not a scarlet, unless some yd- 
low colour be superadded by other means (which he does 
not mention,) it is liable to injure the texture of the cotton 
or linen dyed with it, because the nitric calx of tin, ap- 
plied as the basis, constantly absorbs oxygene from the at- 
mosphere, and becomes corrosive, whereas, in the present 

the same vat, heated as before, all the ioferior shades from scarlet 
and crimson: and if any colour still remains in the yat, it may be 
taken out entirely by wool prepared in the usual manner. 

^ The same preparation of tin serves for the greens and yellows, 
with the same materials only that are employed by dyers, except 
die best yellow, which is produced from turmeric* 

<< It is necessary to observe, that after the preparation has been 
made use of for scarlet or crimson, the residue continues sufficiently 
strong for greens or yellows, even after it has been kept a consider- 
able time. 

<( N. B. To make the best solution of tin with nitrous acid, it is 
necessary to have the strong smoking spiriti to which an equal quan- 
tity of the purest river water must be added, and the proportions of 
the following ingredients, are to the weight of spirit, one-sixteenth 
of sal-ammoniac and one-thirty-second of refined nitre dissolved by 
little at a time; in this aqua-regia dissolve one-eighth of granulated 
\in, also by small quantities, to prevent too great an ebullition, which 
would weaken the solution considerably. The ingredients and pro- 
portions are the same, when a solution is to be made with aqua-for« 
tis; but that spirit, in general, will not bear any water when a per- 
fect solution is intended." 



* Nothing can be more erroneous than this and several of Dr. Berkenhout's 
other observations. 
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case, this eflfect cannot be counteracted by occasional 
washings with soap. 

Mr. Henry says, that *^ if a scarlet could be dyed with* 
out the use of nitrous acid, the tin basis might be em- 
ployed for this purpose on cotton; but that acid being re-' 
guisitefor the produQtum of this beautiful colour ^ and be- 
ing highly corrosive to colours, this basis is prevented 
from being applied to that substance." — Here this inge- 
nious chemist appears to have fallen into the universal 
error of believing, that nothing but a solution of tin by 
nitric, or nitrous acid, can dye a scarlet colour with co- 
chineal. 

If, notwithstanding the want of sufficient permanency 
in the scarlet colour dyed with cochineal upon cotton, it 
should be deemed proper to apply it to that substance, 
the best way of doing this which I Have yet found, is, to 
soak the cotton, (previously moistened,) for about half 
an hour in a diluted murio-sulphuric solution of tin, as 
proposed for silk; then wring or press out the superflu- 
ous part of the solution of tin, and plunge the cotton into 
water, in which as much, or nearly as much, clean pot- 
ash or soda has been dissolved as will neutralize the acid 
still adhering to the cotton, so as thereby to decompose 
the oxide of tin, and cause it to be more copiously de- 
posed or fixed in or upon the fibres of the cotton, which, 
being afterwards rinced in clean water, may be dyed with 
cochineal and quercitron bark, in the proportions of about 
four pounds of the former to two and a half or three 
pounds of the latter. A full bright colour may be given 
to cotton in this way, which will bear a few slight wash- 
ings with soap, and a considerable degree of exposure to 
air. Indeed, the yellow part of the colour obtained from 
quercitron bark will even bear long boiling with soap, as 
well as the application of strong acids, without injury. 
Cotton impregnated or printed with the aluminous 
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mordant, as comnKXily applied by calico-printers for 
madder reds, will, if dyed with cochineal, receive a very 
beautiful crimson colour, capable of bearing several wash- 
ings, and of resisting thr weather for some time, though 
not long enough to deserve the appellation of a fast co- 
lour. I think, however, that it is advantageous for calico- 
printers, in dyeing madder reds upcMi the finer cottons or 
muslins, to add also a* little cochineal, the crimsod colour 
of which is admirably calculated to overcome the yellow- 
ish hue that degrades the madder reds, and arises from a 
portion of that particular colouring matter which produces 
the fattoe^ or fewn colour, herein before mentioned. By 
this addition, the madder reds are rendered much more 
beautifiil, so long as any part of the cochineal crimson re* 
mains, and afterwards they are no worse than if it had 
never been applied. 

Cotton printed with iron tiquor takes a very full black 
when dyed with cochineal; but I found this less durable 
than the same colour dyed from much cheaper matters. 
A great variety of other colours may be dyed upon cot- 
ton impregnated with different metallic or earthy bases; 
but as better colours may be more cheaply given by 
other means, I shall offer no farther explanations respect* 
ing them. 

A strong decoction of cochineal, thickened with gum, 
and mixed with a suitable proportion of nitrate of alu- 
mine, being penciled upon cotton as a pro- substantive co« 
lour, afforded a very full beautiful colour between the scar- 
let and crimson, which stood some washings, and a con- 
siderable degree of exposure to weather. Several of the 
diflferent solutions of tin being employed, instead of the 
nitrate of alumine, as well as conjointly with it> produced 
very beautiful rose colours, approaching more or less to 
the scarlet; and by adding a small proportion of the quer- 
citron bark, they were made scarlet. They could not^ in- 
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deed, be considered as iast colours, but had the advan- 
tage of being very beautiful, and less fugitive than many 
of those which are too frequently employed by calico- 
printers, under the denomination of chemical colours. 

Since the preparation or manufacture of Morocco 
leather has been established in this country, cochineal is 
employed to communicate the beautiful colour of that^ 
which is called red Morocco; though in Persia, Arme- 
nia, Barbary, and the Greek Islands, a similar colour 
was originally produced by the use of either kermes or . 
lac. As a basis for the colouring matter of cochineal, 
goat-skins deprived of their hair by lime water, and pro- 
perly cleansed, are impregnated, on that which was the 
hairy side, with a saturated solution of alum, applied re« 
peatedly and equally by a sponge, and after an interval 
of three or four days, a decoction of cochineal, which lias 
been strained, is applied also by a sponge, to the same 
side or surface, a litde, but not much, more than blood- 
warm, least it should crisp the leather. This application 
is repeated from time to time, until a colour sufficiently 
full and equal has been produced. Afterwards the skins 
are soaked in bran liquor, and then tanned by a decoction 
of either galls or sumach, or of both mixed together. 

I have found that by substituting a diluted murio-sul- 
phate of tin, for the solution of alum, or by employing a 
mixture of both upon goat-skins in a suitable state of 
preparation, the colour subsequently produced was con- 
siderably improved, at least in vivacity. 
- Having nothing more of importance to communicate 
respecting cochineal, I shall here finish this chapter, and 
in so doing, make an 
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